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Allergy School on Hymenoptera Venom Allergy

3-6th September 2009, Ancona, Italy

PREFACE

Insect sting allergy and venom immunother-
apy represent an excellent model for the
study of anaphylaxis and immune tolerance.
Many aspects of immediate type allergy can
be studied. The availability of high quality
venom extracts for use in the diagnosis and
treatment of insect venom allergy has dra-
matically improved the prognosis and the
health-related quality of life of venom-allergic
patients. However, many patients are still not
adequately treated. The lack of compensa-
tion of treatment costs by health insurance
companies may play a role in some European
countries, but often the inadequate treat-
ment is due to ignorance. We hope that this
booklet may at least help to improve medical
knowledge on diagnosis and treatment of Hy-
menoptera venom allergy.

In recent years, new insights have emerged
into both the immunological mechanisms of
venom immunotherapy and the natural his-
tory and risk factors of severe systemic re-
actions in untreated as well as treated
patients. Even if there are many open ques-
tions today there is enough evidence-based
knowledge to give the working clinical aller-
gist an arsenal of instruments to help in de-
ciding who and how best to treat with venom
immunotherapy.

This progress resulted in the first Allergy
School on Insect Sting Allergy in Italy, whose
purpose was primarily to educate and pro-
mote relations among young European physi-

cians who were interested in the different as-
pects of venom allergy. Indeed, the course
not only covered a series of basic and ad-
vanced level lectures, but also interactive
practical demonstrations as well as the pres-
entation and discussion of difficult case re-
ports. In addition, several studies were
presented in a poster session. The Allergy
School in Ancona was attended by a large
number of Italian and International special-
ists alike, many of them being members of
the EAACI Interest Group on Insect Venom
Hypersensitivity and Allergy Diagnostics.

The following congress proceedings bring all
the new insight of this Allergy School to the
fore, the most controversial areas of the field
are discussed, and answers to many impor-
tant questions are provided for those who are
active in the field of insect venom allergy.

We are sure that Hymenoptera venom allergic
patients will benefit from a further increase
of knowledge in this field and hope that this
booklet may contribute to improved care.

M.Beatrice Bilo

Chairperson of the EAACI Interest Group
on Insect Venom Hypersensitivity

Franziska Ruéff

Secretary of the EAACI Interest Group
on Insect Venom Hypersensitivity
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FOREWORD

For more than a decade now, the European
Academy of Allergy and Clinical Immunology,
has organised several Allergy Schools each
year. These are educational events for Euro-
pean clinicians and scientists working in the
field of allergy, and provide continuous pro-
fessional training and development in general
or specific areas of allergy & immunology for
junior, in-training, and full EAACI members.
As part of this framework, The EAACI &
GAZLEN Allergy School on Hymenoptera
Venom Allergy took place in Ancona, ltaly,
from the 3rd-6th September 2009, organ-
ised by the EAACI Interest Group on Hy-
menoptera Venom Hypersensitivity, with the
collaboration of the EAACI Allergy Diagnos-
tics Interest Group and support of the Italian
Association of Allergists and Immunologists
(AAITO).

The motto proposed by the scientific pro-
gram coordinators for this EAACI Allergy
School was “If you want to become a good al-
lergist, start by studying Hymenoptera venom
allergy and venom immunotherapy!”. In fact,
the program, which focused on Hymenoptera
venom allergy, addressed several aspects
that are today key issues for the practicing
allergist, including understanding of the epi-
demiology, the interaction of concomitant
factors in the clinical expression of allergy
(e.g. environment, genetics, co-morbidities
and their treatment), decision making and
use of the appropriate diagnostic tools (from
skin tests, cellular and molecular approaches

to challenge tests), patient selection for im-
munotherapy/allergy vaccination, the treat-
ment of anaphylaxis and, last but not least,
quality-of-life issues for the appraisal of our
practice outcomes. Moreover, the Ancona
EAACI & GAZLEN Allergy School was able to
unite 15 different nationalities, bringing to-
gether key European experts in the field of
Hymenoptera allergy, EAACI Junior mem-
bers, scientists, and practicing allergists, in a
unique informal and interactive educational
environment.

Profiting from the unique educational mate-
rial organised for the school by the faculty
and participants, and a generous unrestricted
grant from ALK, we put forward this first ini-
tiative of “The European Academy Allergy
Monographs”. So, dear reader, enjoy this up-
date and state-of-the art booklet on Hy-
menoptera Venom Allergy. Although you
cannot experience the hands-on practical
side of our Allergy School (and, alas, the cul-
tural and social joys of Ancona!), | am sure
these proceedings will provide you with valu-
able information for your allergy practice and
knowledge of the challenging field of venom
allergy and anaphylaxis. | also hope to see
you at our future EAACI Allergy Schools, so
that you may profit from such an excellent
educational experience as the Ancona
School!

Luis Delgado
EAACI Vice-President, Education & Specialty






INTRODUCTION
History of insect sting allergy

Ulrich R. Miiller

Allergiestation Medizinische, Klinik Ziegler Spital, Bern, Switzerland

The first species of Hymenoptera appeared
around 200 million ago and were
saprophages that deposed their eggs in de-
caying organic material that served as food
for the larvae (Fig. 1). During the 50 million
years that followed, Hymenoptera evolved
into carnivores and their ovipositor was
transformed into a stinging apparatus with
venom glands; these were the first wasps.
Descendants of these carnivorous wasps
began feeding on pollen and nectar, giving
rise to the honeybees.

The earliest honeybee specimen was found
imbedded in amber and dates from about 80
million years ago (1). The appearance of
homo sapiens in the last 100-200,000
years (2) meant that conflicts between hu-
mans and Hymenoptera for honey and other
food are likely to have been commonplace for
the last 100,000 years. The first docu-
mented evidence of such a conflict, which
probably resulted in homo sapiens receiving
painful stings, is found in Spanish cave paint-
ings that date from around 8000 BC. These
show a honey collector running away from
angry honeybees (3).

The first, albeit not very convincing, report on
a fatal sting reaction dates back to the year
2641 BC when the Egyptian pharaoh Menes
was stung by a Kheb while landing on an is-
land in the Atlantic ocean (probably England)
and died shortly afterwards. Although the hi-
eroglyph for Kheb shows some similarity with

awasp or a hornet, its interpretation is heav-
ily debated. According to some egyptiolo-
gists the tragic event was caused by a
hippopotamus and more likely occurred on an
island in the Nile river than in the Atlantic
ocean (4).

Severe, sometimes fatal sting reactions have
been reported in detail since the 17th cen-
tury. The first to describe rather unusual
symptoms, was reported in 1699 by the
Bavarian monk Ulrich Staudigl (5), this was
followed by a more detailed description of a
fatal reaction, by the French physician De-
brest in 1765 (6). These initial reports were
followed by reports from all over Europe and
US. As early as the beginning of the 20th
century, such reactions were already recog-
nised as the consequence of an abnormal im-
mune response, and were defined as
anaphylaxis by Portier and Richet in 1902
(7) and allergy by von Pirquet 1906 (8). In
1911 Freeman and Noon (9) reported suc-
cessful vaccination of individuals with pollen
allergy using pollen vaccine, and in 1925 the
South African physician Braun was the first
to successfully desensitise a patient who was
allergic to bee stings with an extract from bee
venom sacs, to which the patient had positive
skin tests (10). In 1930 Robert Benson de-
scribed the case of a beekeeper who suffered
hay fever symptoms while working in the
beehive and later developed respiratory al-
lergic reactions to bee stings. The patient had
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200 million years ago
150 million years ago
80 million years ago
200 000 years ago
8000 BC

2641 BC
1699-1900

1906

1925

1930

1956

1965-75

1978-79

1980

first documentation of Hymenoptera as saprophages

Hymenoptera become carnivores: the ovipositor transforms
into the stinging apparatus

first social, vegetarian Hymenoptera feeding from pollen and
nectar: the honey bees

homo sapiens appears

conflict between bees and homo sapiens documented in a
cave painting in Spain

Egyptian pharaoh Menes dies from the sting of a kheb,
probably a wasp or a hornet

reports of unusual, systemic, sometimes fatal Hymenoptera
sting reactions from Europe and US

von Pirquet classifies systemic sting reactions as allergy

Brown reports on successful immunotherapy with venom
sac extract in a patient with bee venom allergy

Benson introduces immunotherapy with whole-body
extracts (WBE) from Hymenoptera, which becomes
the routine procedure until 1979

Mary Loveless treats three failures of WBE immunotherapy
successfully with venom sac extracts

diagnostic tests with WBE are far inferior to tests with
venoms; reports of fatal sting reactions in patients on WBE
immunotherapy

two controlled prospective studies document the superiority
of immunotherapy with venoms over WBE and placebo

introduction of commercial Hymenoptera venoms for
diagnosis and immunotherapy of patients with Hymenoptera
venom allergy

Fig. 1: Timeline of important events in the history of Hymenoptera venom allergy.

positive skin tests to both bee venom sac and
whole-body extracts and was successfully
treated with bee whole-body extract (11). As
a consequence, immunotherapy with whole-
body extracts of Hymenoptera was intro-
duced as a causal treatment and, based on
several uncontrolled retrospective studies,

6

considered to be very effective (12). In
1956, however, the American physician
Mary Loveless described ten patients with
severe allergic reactions to wasp stings, of
whom three reacted severely after being re-
stung during immunotherapy with whole-
body extract (13). She went on to treat these



patients with venom sac extracts and of eight
patients who were re-stung, none reacted
again. However, in spite of these promising
results, treatment with whole-body extracts
continued for a further 23 years. It wasn’t
until the mid nineteen sixties that serious
doubts about efficacy of whole-body extract
for immunotherapy arose, following several
reports of fatal sting reactions during this
treatment (14). Also, skin tests using ven-
oms and tests for the presence of venom-
specific serum IgE were shown to be far more
efficient at distinguishing between patients
and controls than those using whole-body ex-
tracts (15, 16). Finally, two controlled
prospective studies proved the superiority of
immunotherapy with venom compared with
whole-body extract and placebo, showing
that whole-body extracts were no more ef-
fective than placebo. As a result, venom im-
munotherapy was introduced in 1980 and
remains the standard causal treatment for in-
sect sting allergy today (17, 18).

Disclosure
The author states no conflicts of interest.
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PART ONE

Entomology, epidemiology,
natural history and diagnostic tools






EPIDEMIOLOGY
AND NATURAL HISTORY

M. Beatrice Bilo and Leonardo Antonicelli

Allergy Unit, Department of Internal Medicine, Allergy, Immunology and Respiratory Diseases,
University Hospital, Ancona, Italy

Hymenoptera stings can induce an allergic
and occasionally fatal reaction. The culprit
Hymenoptera belong to the suborder Ac-
uleate, which are made up of the Apoidea
(Apis mellifera, Bombus spp.) and Vespidae
(Vespinae and Polistinae subfamilies) super-
families (1, 2). However, several of the Euro-
pean vespid species differ from those found
in the USA where popular names for vespids
are different and may lead to confusion (3). In
the United States stinging Hymenoptera also
include the fire ant (Solenopsis invicta), and
in Australia, the jack jumper ant (Myrmecia
pilosula) (1). The most frequent clinical man-
ifestations of Hymenoptera venom allergy
(HVA) are large local reactions (LLRs) and
systemic reactions (SRs).

Venom sensitisation

The prevalence of venom sensitisation (indi-
cated by a positive skin test and/or the de-
tection of specific IgE in patients with no
previous case history) in adults is estimated
at between 9.3 and 28.7% (3, 4). Asympto-
matic sensitisation occurs more commonly
with repeated short-interval stings and is re-
lated to the degree of sting exposure (in 30-
60% of beekeepers) as well as insect
distribution and behaviour. Atopic individu-
als have an increased probability of testing
positive for venom specific IgE. A genetic
predisposition which enhances the produc-
tion and/or the persistence of venom specific

IgE and the presence of carbohydrate deter-
minants (CCDs) in venoms and inhalant aller-
gens which can cause cross-reactivity have
been listed as possible causes. Detection of
specific IgE to venoms in patients with no his-
tory of allergic sting reactions is often of no
clinical relevance and may lead to a misdiag-
nosis (4). According to Golden et al. (5) the
risk of subsequent sting-induced anaphylaxis
in adults with asymptomatic venom sensiti-
sation was 17%, while Fernandez et al. sug-
gested that this condition is not a clear risk
for a future SR, at least in the case of vespids
(6). Nevertheless, asymptomatic venom sen-
sitisation can, at least in part, explain the ab-
sence of a previous positive case history in
40% of fatalities. The time interval between
stings may be one of the key factors in the
switch from asymptomatic sensitisation to
HVA.

Large local reactions

The prevalence of LLRs ranges from 2.4 to
26.4% in the general population, and up to
38% in beekeepers (3, 4). Skin tests and/or
specific IgE are positive in up to 80% of pa-
tients with LLRs. Studies on small numbers
of adults and children showed that patients
with LLRs have a low risk (5-15%) of a SR
when re-stung (4).
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Table 1. Insect sting anaphylaxis: data extrapolated from the latest population-based studies

of anaphylaxis due to any cause

Reference Country Type of Study Period of No of Insect No. of
population study  population study cases sting fatalities
(years) (years) (%)

Hebling, Switzerland R Adults 3 226 59 3*
2004

Peng, UK R Children 6 675 32 1**
2004 and adults

Bohlke, USA R Children 6 67 22 (0]
2004

Thong, Singapore R Adults 3.8 67 32.8 (0]
2005

Mehl, Germany R Infantsand 1 103 13 (0]
2005 Children

De Swert,  Belgium R Children 2 64 7.3 (0]
2008

Yang, Korea R Children 6.6 138 11.8 1*
2008 and adults

Decker, Rochester, R Children 10 211 18.5 (0]
2008 Minnesota and adults

R= retrospective P= Prospective
* Mortality not due to an insect sting
** Unknown cause of fatal anaphylaxis

Systemic reactions and anaphylaxis

In the United States, the prevalence of SRs
to Hymenoptera sting in the general popula-
tion ranges from 0.5 up to 3.3%. European
epidemiological studies from the last decade
report a prevalence of 0.3 to 8.9% for SRs,
with anaphylaxis reported in 0.3 to 42.8% of
cases (3, 4). The results of a small number of
studies indicate that the prevalence rates of
SRs are lower in children, ranging from
0.15% to 0.8%, with a recent exception of
4.49% reported in a study from Israel (7). Fac-
tors influencing the variability in the preva-
lence of SRs are described elsewhere (4). In
children, about 60% of SRs are mild and gen-
erally cutaneous, whereas in adults about
70% of SRs are accompanied by respiratory
or cardiovascular symptoms. In general, chil-
dren have a better prognosis than adults with
respect to the risk of SRs to re-stings; how-
ever, those who experience a moderate to
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severe SR continue to have a high risk of re-
actions even 15-20 years later (8). The risk
of recurrence of SRs is linked to the severity
of the previous reaction: the more serious
the initial reaction, the greater the risk of re-
currence. Linking the estimated risk of SR
with severity, age, and sting interval, adults
with a recent history of severe anaphylaxis
have a 40 to 60% chance of reacting to a re-
sting, whereas those with mild SRs have a
20% chance of a subsequent SR (9). The
most recent population-based studies of ana-
phylaxis (all causes), reported that insect-
sting-induced anaphylaxis was responsible
for 7.3-59% of the total number of cases
and was more frequent in adults than in chil-
dren (3, 4) (Table 1). In a recent population-
based retrospective study of the incidence
and cause of anaphylaxis, conducted in Min-
nesota over a 10-year period from 1990 to
2000, insect stings accounted for 18.5% of



anaphylaxis cases (39 out of 211 cases)
(10). Two studies from emergency depart-
ments (ED) of anaphylaxis due to any cause,
found the prevalence of insect sting anaphy-
laxis during the last decade ranged from 1.5
to 34% (3, 4). The largest multicentre study
of individuals who required ED treatment for
insect sting allergic reactions was performed
in 15 North American EDs. Of the total num-
ber of admissions, 358 (58%) were local re-
actions, while 259 (42%) were SRs; 27% of
SRs were mild, 55% moderate, and 18%
were severe (11).

Several factors may account for these vary-
ing estimates of the prevalence of insect
sting-induced anaphylaxis, including, the lack
of standard diagnostic guidelines, diverse

Epidemiology and natural history

population profiles, different International
Classification of Disease-9 and other system
codes, geography, and allergen exposure (4).

Biphasic anaphylactic reactions

Biphasic anaphylactic reaction (BAR) occurs
in 1-20% of anaphylaxis cases and is gener-
ally associated with the most severe reac-
tions; however, it is uncommon with insect
stings (Table 2). Although fatalities are very
rare in insect-sting BAR, but they can occur,
raising the question of how long patients
should be kept under observation following
an anaphylactic reaction (12). Protracted in-
field insect sting anaphylaxis is extremely
rare and delayed onset of anaphylaxis has
been reported, but only anecdotally (4).

Table 2. Hymenoptera stings and biphasic anaphylactic reactions. Reproduced from Bilo BM, Bonifazi F.
The natural history and epidemiology of insect venom allergy: clinical implications. Clin Exp Allergy
2009;39:1467-76, with permission from Blackwell Publishing Ltd.

Reference Country Study Type of No. of biphasic No. of
population population study reactions (%) fatalities
(years)
Bazil & USA Adults ED 6(18)8 o]
MacNamara
1998
Lee, Boston Children Hospital 6 (6)** (0]
2000 admissions
Smit, Hong Kong Children ED 15(5.3) * o
2005 and adults study
Ellis, Canada Children ED 20 (0]
2007 and adults study (19.4)An
Yang, Korea Children ED + 3(2.2) (0]
2008 and adults inpatients +

outpatients
De Swert, Belgium Children PB 2(3)* o
2008 study

PB study: population-based studies of anaphylaxis due to any cause
ED study: emergency department study of anaphylaxis due to any cause

§ Three cases due to an insect sting
* One case due to an insect sting

** Two cases due to bee stings

AN Five cases due to an insect sting
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Mortality

Mortality rates are low, but not negligible, the
incidence of insect sting mortality due to
early anaphylaxis, ranges from 0.03 to 0.48
fatalities per 1,000,000 persons per year
(3, 4). Underestimates of insect sting mor-
tality are common worldwide with many sting
fatalities going unrecognised or misinter-
preted and reported as unexplained.

Prevention of insect sting anaphylaxis

In 40-85% of fatal-sting reactions, victims
had no history of previous anaphylaxis. This
underlines the importance of developing a
better understanding of risk factors, espe-
cially in asymptomatic sensitised subjects. In
patients who experience a severe SR, sur-
vival often depends on the ability to rapidly
access an ED and the correct use of epineph-
rine by the doctors. To prevent future SRs the
patient should be referred to an allergist for
diagnosis and, if appropriate, specific im-
munotherapy. Patients who are prescribed
injectable epinephrine should be instructed
in the proper technique for self-administra-
tion. However, most insect sting victims fail
to seek medical advice and hospital atten-
dance does not always correlate with the
severity of the allergic reaction (11). A
prompt and accurate diagnosis can identify
those patients at greatest risk, and who
would benefit from specific immunotherapy;
as many as 50% of deaths in patients with a
positive case history could have been
avoided through the use of specific im-
munotherapy.

In contrast to the stable trends in age-spe-
cific admission rates for Hymenoptera stings,
an Australian study reported an 88% de-
crease in the age-standardised rate for insect
sting-induced fatal anaphylaxis over a 9-year
period. According to the authors, possible ex-
planations include the widespread use of in-
sect venom immunotherapy and the
increasing availability of adrenaline autoin-
jectors (13).

Conclusion

Despite the high prevalence of asymptomatic
sensitisation, the prevalence of sting-induced
anaphylaxis is comparably low. However, to
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date, no parameter has been identified that
can predict the likelihood or severity of a fu-
ture reaction and whether it will be local or
systemic. The combination of several con-
comitant factors, including, environmental
(the frequency of stings and the type of in-
sect), genetic (the persistence of specific IgE
antibodies and probably other factors), and
individual factors (age; morbidities like
asthma, mastocytosis, or ischaemic heart
disease; concurrent medication; strenuous
exercise; and others) may account for the oc-
currence of a SR in individual patients. In ad-
dition, several poorly characterised factors
may be also be associated with the severity
of a SR to re-stings. Better knowledge of the
epidemiology, natural history and risk factors
is crucial for improving the care of patients
with insect venom allergies.
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RISK FACTORS IN HYMENOPTERA
VENOM ALLERGY

Franziska Ruéff
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Munich, Germany

Current knowledge of risk factors must be
considered when deciding which patients to
treat with venom immunotherapy (VIT) and
how to treat them. Risk factors may play a
role in various aspects of Hymenoptera
venom allergy, such as the severity of sting
reaction, side effects, and inefficacy of VIT.
Moreover, risk factors for systemic anaphy-
lactic reactions (SAR) during VIT are not nec-
essarily the same as those associated with
severe field sting reactions or treatment fail-
ure; hence this is a subject that merits con-
sideration and further research.

Sting reaction

The most important factor in the sensitisa-
tion to Hymenoptera venom is repeated ex-
posure. Therefore, any activity that is
associated with an increased risk of Hy-
menoptera stings will also increase the risk
of sensitisation (Table 1). An increased risk
of stings is even more important for those
who have already had an anaphylactic sting
reaction and are therefore disposed to a

Table 1. Increased exposure to Hymenoptera stings

greater extent to future anaphylactic sting
reactions. Venom sensitisation is a neces-
sary, but not sufficient, prerequisite for sub-
sequent systemic sting reactions. It is not
fully understood why many sensitised indi-
viduals tolerate stings and others do not. The
following risk factors are associated with a
SAR: (i) history of a previous large local sting
reaction (1), (ii) a short time interval to the
last sting (1), and (iii) a higher concentration
of venom-specific IgE in the serum (2). Con-
versely, a history of more than 200 stings
per year seems to have a protective effect
against anaphylactic sting reactions (3).

Another phenomenon is the varying occur-
rence of mild, moderate, or severe sting re-
actions in individuals and between different
venome-allergic individuals. There are various
classifications of the severity grade of a sting
reaction. Here the classification of Ring and
MeBmer (4) is used (Table 2). In brief, severe
reactions are defined as anaphylactic shock
(Grade Ill) or cardiopulmonary arrest (Grade
V). Several risk factors are associated with

Beekeepers and family members

Occupations such as: fruit seller, fireman, lumberjack, farmer, gardener
Outdoor activities, including gardening, picnicking, tennis, football, cycling
Beehives or wasps’ nests close to living or working places
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the occurrence of such severe systemic
anaphylactic sting reactions in untreated
subjects:

« Vespid stings are associated with more se-
vere reactions than bee stings (5-7).

An increase in baseline tryptase concen-
tration from a value of 4.25 pg/L to 20
pg/L will augment the risk for a severe sys-
temic reaction sting reaction by a factor of
approximately 3.8 (7).

Cutaneous (Figs. 1 and 2) and/or systemic
mastocytosis (8, 9).

Higher age (7).

Angiotensin converting enzyme (ACE) in-
hibitors (7).

Preceding, less severe systemic sting reac-
tions seem to have a booster effect (5-7)
and to dispose the patient to later severe
reactions.

Fig. 1. Maculopapular cutaneous mastocytosis (Ur-
ticaria pigmentosa) in a 45-year-old female
with indolent systemic mastocytosis

« The male subject predominance for severe
reactions (5, 7) probably results from a se-
lection effect. Due to a different degree of
exposure, adult men are stung more fre-
quently than women.

As a previous sting inducing only a mild re-
action may act as a booster and may thus

Fig. 2. Minor skin lesions in a 50-year-old female
with indolent systemic mastocytosis

lead to more severe sting reactions in the fu-
ture, it cannot be assured that the patient will
have a good prognosis even if no risk factors
are evident. However, for subjects with risk
factors for later severe SAR to stings, VIT is
particularly important. ACE inhibitors should
be withdrawn in patients who are not treated
and/or protected by VIT with certainty.

Side effects of VIT

VIT can be complicated by various side ef-
fects of which SAR are the most important.
Large local reactions, unspecific systemic
side effects like fatigue, or rare complications
like serum sickness, are not being discussed
here. In studies including a large number of
patients 12% (10) up to 20% (11) of the
patients exhibited SAR during VIT. The ma-
jority of these reactions were mild or moder-
ate. If only moderate to severe reactions and
reactions, which require medical treatment,
are considered the percentage of affected
patients is much lower, 6.7% (11) or 8.4%
(12).

Several risk factors influence the overall risk

Table 2. Classification of systemic reactions modified according to Ring and MeBmer (4)

Generalised skin symptoms (e.q. flushing, generalised urticaria, angioedema)

Mild to moderate pulmonary, cardiovascular, and/or gastrointestinal symptoms

Grade |

Grade Il

Grade llI Anaphylactic shock, loss of consciousness
Grade IV Cardiac arrest, apnoea
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of SAR and/or a particularly severe outcome
of SAR during VIT:

» Treatment with honeybee venom induces
SAR more frequently than treatment with
vespid venoms (10-13).

Side effects occur more often during the in-
cremental phase of VIT than the mainte-
nance phase (11).

Tryptase concentration correlates signifi-
cantly with the frequency of severe side ef-
fects during the dose-up phase of VIT (12);
however, the extent of this effect depends
on the type of venom and is stronger in pa-
tients receiving vespid VIT.

Mastocytosis (9).

Increasing age (12).

Rapid dose-increase during dose-up phase
(11,12).

During VIT, antihypertensive medications
are associated with a higher risk for severe
reactions (12). This finding suggests an as-
sociation between pre-existing cardiovas-
cular diseases and SAR during VIT. In this
case, the discontinuation of respective
medications before VIT will therefore prob-
ably have no beneficial effect. However, ac-
cording to the current guidelines
beta-blockers and ACE inhibitors should be
discontinued before VIT is started (14).
However, in the absence of information on
the effects of a specific drug for SAR during
VIT, more data on the association of anti-
hypertensive medication and VIT are re-
quired before current recommendations
can be revised. The decision as to whether
these drugs should be withdrawn must also
take into account the situation of the indi-
vidual patient.

The severity of the sting reaction prior to
treatment did not influence the risk for side
effects (10-12). Regarding the risk factor as-
sociated with gender, the data are contradic-
tory: when all SAR are considered, females
had a higher incidence of SAR (11); if only
more severe reactions were considered, fe-
males did not have an increased risk (12).
Also, the presence of venom specific IgE in
the serum was associated with a slightly
higher risk for more severe SAR (12).

In conclusion, all patients undergoing VIT

Risk factors in Hymenoptera venom allergy

should be considered as candidates for SAR;
risk factors must be taken into account and
patients with one or more risk factor should
be treated and monitored with special care.

Treatment failure

During VIT with the standard maintenance

dose of 100 ug insect venom, treatment fail-

ure is not so rare. When sting challenges were
performed in larger series of patients during

the maintenance phase of VIT, up to 25%

were not protected (15). An evaluation of

1071 of the author’s own patients who un-

derwent a sting challenge test revealed that

SAR occurred in 7.7% of tests. To date, no

multicentre studies of therapeutic efficacy

that include a sufficient number of patients to
enable a confounder-adjusted analysis of risk
factors for SAR at sting challenge have been
published. Nevertheless, several factors are

currently known to predispose a patient to a

SAR at sting challenge or a field sting:

« VIT with honeybee venom is less effective
than treatment with vespid venom (13, 16,
and author’s unpublished data).

* There is a venom-specific effect of baseline
tryptase concentration. Higher tryptase
levels do not play a role for patients with
honeybee venom allergy but have an effect
for patients with vespid venom allergy (16).

+ Venom dose; higher doses are more effec-
tive (15, 17).

+ SAR during VIT (19 and author’s unpub-
lished data).

+ Mastocytosis (9).

In a preliminary analysis of the author’s own
data, age, gender, and the severity grade of
previous sting reactions were not predictive
of SAR at sting challenge. Patients who are
at risk of treatment failure and in whom re-
action to a further sting may induce life-
threatening symptoms should be offered
treatment with an elevated maintenance
dose of venom (200 pg or more) from the
start of treatment. This is especially impor-
tant in patients with honeybee venom allergy
and one or more risk factors for treatment
failure or a more severe anaphylactic reac-
tion in untreated subjects (e.qg., high sting ex-
posure, mast cell disease).
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DIAGNOSIS OF INSECT VENOM ALLERGY:
SKIN TESTS AND SERUM-SPECIFIC IgE

M. Beatrice Bilo

Allergy Unit, Department of Internal Medicine, Allergy, Immunology and Respiratory Diseases,
University Hospital, Ancona, Italy

The diagnosis of Hymenoptera venom allergy
(HVA) is based on patient history, skin tests,
and measurement of specific IgE antibodies
(slgE) in serum. Recent clinical practice pa-
rameters have been published by the Euro-
pean Academy of Allergology and Clinical
Immunology (1) and by the American Acad-
emy of Allergy, Asthma and Immunology (2).

Indication for diagnostic testing

The indication for diagnostic testing is based
on the clinical history of the patient. As
venom sensitisation is found in around 10-
20% of history-negative persons, only those
with a history of a previous systemic reaction
(SR) are candidates for diagnostic testing (1,
2) (Table 1). In some countries diagnostic
tests are also performed in patients who
have a history of large local reactions (LLR),
even if they are considered as having a low
risk of future SRs. Although individuals with a
positive diagnostic test but negative history
of a SR may be at risk of a future case of in-
sect sting anaphylaxis, the current diagnos-
tic tools cannot, as yet, be used for screening
the general population (3).

Skin tests

Among skin tests, the venom skin prick test
(SPT) and intradermal (ID) techniques are the
methods of choice. It is recommended that
skin tests be performed at least two weeks
after a reaction to a sting to rule out false

negative results during the refractory period
(1). If the result is negative in the presence
of a definitive history of a systemic sting re-
action the test should be repeated after 1 to
2 months, as the duration of the refractory
period may be longer (1). However, in some
patients, sensitisation is demonstrable only
in the first week after the sting (4). Commer-
cial Hymenoptera venom products are avail-
able in many countries as lyophilised protein
extract for honeybee, yellow jacket, and
Polistes venoms, the latter two being mix-
tures of the clinically relevant species. Due to
incomplete cross-reactivity between venoms
of the European and American species of
Polistes (5), commercial preparations of Eu-
ropean Polistes dominulus venom have be-
come available.

Stepwise incremental venom skin tests are
recommended. If the patient has a conclusive
reaction at a set concentration the test can
be stopped. With the SPT, venom concentra-
tions of 0.01 up to 100 pg/ml are usually
used, while venom concentrations from
0.001 to 1 pg/ml are used for ID testing (1).
Even at venom concentrations of 100 (g/ml,
the sensitivity of the SPT is lower than that
of the ID test. Therefore, it is recommended
that an ID test be performed in patients with
a negative SPT, to confirm the result. Ac-
cording to a number of studies, the sensitiv-
ity of ID testing is estimated to be 90% or
higher at a venom concentration of 1 pg/ml
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Table 1. Indications for diagnostic testing

Indication in:
- Patients with a history of a previous SR
- Patients with a history of a previous LLR (?)

No indication in:
- Subjects with a family history of a severe SR

- Subjects who have undue fear of developing a sting SR arising from a news report of a fatal

sting reaction
- As a screening in the general population

SR: systemic reaction
LLR: large local reaction

(1) and results are more reproducible than
those of the laboratory test for sIgE, formerly
known as Radio Allergo Sorbent Test (RAST).
The specificity of skin tests with Hy-
menoptera venoms is difficult to define, since
exposed patients who never developed a sys-
temic reaction may have become sensitised
following their last sting (1). A study by Graif,
in a small group of patients, showed that the
reproducibility of venom skin tests and sIgE
results was relatively poor and was not af-
fected by the time elapsed between the SR
and the first evaluation (6). Skin tests with
Hymenoptera venoms are generally safe;
nevertheless, SRs do occur very rarely (7).

Serum specific IgE antibodies

In vitro tests such as RAST and a variety of
non-radioactive methods derived from this
test can be applied to detect the presence of
slgE antibodies. The most recently developed
tests are usually the most sensitive (1, 8).
During the first few days after a sting, sIgE to
the injected venom may be below the level of
detection, increasing within days or weeks
after a sting. Following this initial increase,
slgE declines slowly with a large variation be-
tween individuals (3). In patients with no de-
tectable sIgE to the suspected venom, tests
should be repeated after a few weeks (1). A
rapid change of venom-specific IgE-antibod-
ies shortly after a sting may provide an addi-
tional indication of the suspected venom (1),
although skin testing is thought to be more
specific than sIgE in such situation (9). Sen-
sitivity of venom sIgE tests in patients with a
history of systemic sting reactions is lower
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than that of intracutaneous skin tests, espe-
cially more than one year after a reaction (1).
Similar problems to skin tests are encoun-
tered with regard to specificity.

Interpretation of skin test

and in vitro test results

There is no positive correlation between the
severity of previous sting reactions and skin
test reactivity, or the concentration of venom
sIgE (1). Indeed, the most reactive skin tests
often occur in patients with only large local
reactions, and in wasp venom allergy a sig-
nificant inverse correlation has been demon-
strated between the severity of sting
reactions and slgE concentrations (3). In a
study that measured IgE antibody levels in
sera from 51 victims of fatal venom anaphy-
laxis, IgE antibodies were not detected in
10% of the sera, and levels ranging from
0.35 to 1.1 ng/ml were found in 47%, indi-
cating that fatal anaphylactic reactions to
stings can occur in the presence of widely
varying amounts of specific IgE antibody
(10). In subjects with a history of a previous
anaphylactic sting reaction, the demonstra-
tion of venom sensitisation by a skin test re-
action to venom or the detection of
venom-specific IgE-antibodies confirms sen-
sitisation. To date, it has not been possible to
find a marker that can predict the outcome of
a re-sting, 25 to 84% of subjects with posi-
tive skin test reactions to venom do not react
to a subsequent sting from the culprit insect,
whereas up to 22% of subjects with negative
skin tests develop a systemic reaction (1, 2).



Diagnosis of insect venom allergy: skin tests and serum-specific IgE

Double sensitisation with a single history
Double positivity to both bee and vespidven-
oms in diagnostic tests is observed in 25-
40% of patients with insect allergy. The
majority of these patients have a single-pos-
itive history and many of them are unable to
identify the culprit insect. Double positivity
may be due to double sensitisation, cross-re-
activity between epitopes on hyaluronidase
in the two venoms (1), or to cross-reactivity
between carbohydrate epitopes (CCDs) of
venoms and common allergens (11). Any of
these may induce multiple positive test re-
sults which have unknown clinical signifi-
cance. The IgE-inhibition test is helpful in
distinguishing between cross-reactivity and
double sensitisation, however, it is costly and
results are sometimes difficult to interpret. In
a recent study that included 200 patients
with a history of reaction to honeybee or
Vespula sting, 59% of allergic patients
showed double positivity for specific IgE
using the ImmunoCAP° test, and 32% of pa-
tients had double positivity using ADVIA
Centaur® (12). Specific IgE to the recombi-
nant non-glycosylated major allergen phos-
pholipase A2 (Api m 1) were present in 99%
of whole bee venom-positive allergic pa-
tients, while sIgE to antigen 5 (Ves v 5) were
present in 96% of whole Vespula venom-
positive allergic patients when tested by
ADVIA Centaur®. Thus, the double positivity
was reduced to 17%. The authors concluded
that this approach could reduce the treat-
ment costs in patients with double positivity
by improving the identification of venoms for
immunotherapy (12).

“Negative” test results

The prevalence of negative results in skin
tests and slgE among patients who seek
medical care for sting-induced allergic reac-
tions or those recruited for clinical trials
ranges from less than 10% to more than
209%. Negative test results can be due to the
involvement of a different pathogenetic
mechanism, the presence of mast cell dis-
ease, the elapsed time since the last reaction,
or insufficient sensitivity of tests. The failure
to detect venom slgE, however, provides no

guarantee of clinically reduced reactivity.
Among 99 patients with negative skin test
results, the sting challenge was positive in
24% of the patients with positive sIgE (using
a very sensitive technique performed at the
John Hopkins School laboratory) and in 14%
of patients with a negative sIgE test (13), un-
derlying the need to perform both skin and
sIgE tests. There has been one report that
the ImmunoCAP’ test detected a concentra-
tion of sIgE between 0.1 and 0.35 kU/L in a
few patients with a positive history of yellow
jacket allergy and negative skin and slgE re-
sults (14). However, further studies are
needed in order to confirm the utility of this
modified assay in venom allergy.

In some patients, negative ID test results
with commercial un-dialysed venoms (UV)
can be clinically misleading. A recent study
showed that in these cases, yellow jacket al-
lergic sensitisation can usually be detected
using a skin test with dialysed venom (DV)
(15). Skin test results to 10 (g/ml or less of
DV were positive in 79% of patients with a
positive history, but were negative to UV and
three of these patients experienced a SR to
sting challenge (15). Negative test results
can also result from failure to use the correct
venom for the test. Studies have demon-
strated partial cross-reactivity among ven-
oms of the European (dominulus and gallicus)
and the American (exclamans, annularis fus-
catus) species of Polistes (5), emphasising
the need to choose the correct venom for
both diagnostic and therapeutic purposes
(16). It is well known that Vespa crabro (VC)
sting is a risk factor for severe SR (1). VC
venom possesses some antigens in common
with Vespula venom, however, one third of
VC-allergic individuals have positive skin and
slgE tests restricted to VC venom. Therefore,
depending on the geographic location, all rel-
evant venoms should be tested. Finally, addi-
tional in vitro tests (such as the basophil
activation test) can be used to demonstrate
immunologic sensitisation in patients that
are difficult to diagnose, however, their use
should be restricted to laboratories with ex-
pertise in performing these tests.
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Diagnosis of Hymenoptera

venom allergy (HVA) in “real life”
Recently, the first comprehensive audit of the
diagnosis and management of patients with
HVA in the UK showed that 55% of special-
ists use serum slgE as the first test for HVA
(17). The remainder use a SPT rather than ID
test, and 50% of specialists use an ID test in
patients with a history of a severe SR if the
SPT and sIgE are negative. When ID is under-
taken, 40% of practitioners used concentra-
tions 10 times higher than that
recommended by the guidelines, giving a
likelihood of false positive results. When skin
tests were negative, despite a positive clini-
cal history of SR, only 46% of the clinicians
repeated skin tests along with sIgE after an
interval of 1-2 months (17). It remains to be
seen, however, to what extent the UK situa-
tion can be extrapolated to other European
countries.

Conclusions

Although recent European and American
practice parameters have been published on
insect venom diagnosis, a recent UK study
demonstrates a wide variation in practice and
suggests a need for the development of bet-
ter educational programmes for specialists
and trainees involved in the management of
patients with HVA. Further studies from
other countries are needed in order to eval-
uate the application of the guidelines in the
current clinical practice.

Optimised diagnostic procedures are needed,
not only to detect IgE-mediated sensitisation
to Hymenoptera venom, but also to predict
clinical reactivity, identify the offending in-
sect, and evalute the risks for the individual
patient. In order to achieve these goals prac-
titioners must take into account the patient’s
history, repeat skin tests and measurement
of sIgE and, if needed, supplement these by
additional in vitro diagnostic tests.

Disclosure
The author states no conflicts of interest.
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In patients with a history of anaphylactic
sting reactions, in vitro tests are performed
in order to demonstrate sensitisation to the
causative venom. However, the diagnosis is
sometimes problematic: either the patient
has no venom-specific IgE antibodies (v-
sIgE), or sIgE only to a presumably false
venom; or the patient is sensitised to various
venoms despite having a history of only one
sting reaction. Test methods for v-sIgE anti-
bodies are presented elsewhere in this vol-
ume, (Diagnosis of insect venom allergy), and
the relevance of cross-reactivity between
vespid and honeybee venom by specific IgE
inhibition is also discussed (Cross-reactivity
in venom allergy: Clinical Relevance). Thus,
herein the focus is on other tests.

IgE-negative patients with

a history of an anaphylactic sting reaction
In the case of patients that lack v-sIgE in the
serum, the different sensitivity of the various
commercial test systems should be the first
consideration. It is possible that a more sen-
sitive test can detect sIgE where another has
failed. The sensitivity of the immunoblot test
is superior to commercial ELISA tests, en-
abling it to identify v-sIgE to individual venom
allergens (1). Another important aspect is
the time of serum sampling. Some patients
may have v-sIgE within the first weeks after
the sting reaction (2), while others develop
v-sIgE only several weeks after the reaction

(2, 3). Thus, in the case that a test fails to
identify v-sigE shortly after the sting, it is
useful to perform another test after several
weeks.

On average the serum concentration of v-
sIgE declines steadily after a sting (4); in
some patients, v-sigE may be no longer
demonstrable several weeks after the sting,
although this usually occurs after several
months to years. Negative tests (skin test, v-
slgE) in patients with a history of an anaphy-
lactic sting reaction are not a reliable
indicator of the patient’s state of clinical tol-
erance to insect stings (5). Thus, in patients
with a history of severe sting reaction or
other risk factors, cellular tests should be
tried in order to demonstrate venom sensiti-
sation. However, due to the high technical
complexity of cellular tests these should only
be performed in specialised laboratories and
results interpreted by experienced staff (6).
« In the basophil histamine release test, pe-
ripheral blood leucocytes are incubated
with venom allergens, which react with cell-
bound v-sIgE antibodies and thus stimulate
basophils to release histamine. Studies
have demonstrated the sensitivity of the
histamine release to be between 50 and
90% (7, 8).
+ In the leukotriene release test, or cellular
antigen stimulation test (CAST), blood leu-
cocytes are pre-stimulated with IL-3 and
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exposed to venom allergens. The resulting
release of sulfidoleukotrienes is determined
by ELISA (7). CAST sensitivity has been re-
ported to be between 83 and 100% (7, 8).
The basophil activation test (BAT) is based
on the flow cytometric demonstration of an
altered membrane phenotype of activated
basophils. Currently, the most commonly
used marker to demonstrate basophil acti-
vation is CD63. However, CD203c may
also be up-requlated and has been found to
be slightly more sensitive than CD63 (9).
The sensitivity of the BAT measuring the
CD63 expression was 90 to 100 % (8-
11).

In patients with a history of an allergic reac-
tion to honeybee or vespid sting, the different
venoms show different activation potential.
This leads to different sensitivity of the cellu-
lar tests depending on the type of venom
used (7). Differences in the receptors pres-
ent on the surface of basophils may play a
role in determining the sensitivity of cellular
tests that measure basophil function upon al-
lergen stimulation. The individual reactivity
of basophils to allergens shows a high vari-
ability and some do not react and basophils
from a minority of venom-allergic subjects do
not release histamine in the presence of anti-
gen (12). Furthermore, the results of differ-
ent cellular tests do not always agree,
patients may respond to one cellular test and

not to an other (7, 8, 13). Thus, it is recom-
mended that various tests be performed if
the demonstration of venom sensitisation is
important for the patient.

Double sensitisation in patients with a
history of one anaphylactic sting reac-
tion
Despite many efforts, it has thus far not been
possible to find any laboratory marker that
indicates more than sensitisation. Thus, the
future systemic reactivity of the individual
patient cannot be predicted from any test,
and at present, cellular tests cannot be re-
garded as superior to measurement of slIgE.
In patients with a history of only one sting re-
action who show sensitisation to more than
one venom, two other test methods may give
a clue to the identity of the causative insect:
« Change of v-slgE after a sting reaction. The
sting acts as a booster and will increase the
concentration v-sIgE to the insect respon-
sible, whereas v-slIgE to insects, to which
the patient was not exposed, will not
change or show only minor increase due to
cross-reacting antibodies (3). In some pa-
tients this characteristic change of v-sigE
after the sting may sometimes identify the
culprit venom (see Fig. 1). This is usually
the case if blood samples can be repeatedly
taken in the first days or weeks after the
sting and if no other stings have occurred
since.

Specific IgE-antibodies in the serum to CAP class
Bee venom 6
3 Vespid venom |
5 - 5
— .
. 51.3 kU/l 35.9 kU/I 4
2 3

14 4.7 kU/l

In IgE (kU/)

0 - =
1
<1 o =

1st 15th

week after sting reaction

24th

Fig. 1. Specific IgE antibodies in the serum of a 34-year-old female reporting severe anaphylaxis after
“wasp sting”. The concentration of bee-venom-specific IgE antibodies markedly increased after the sting,
indicating that a honeybee and not a wasp was responsible for the sting.
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Additional in vitro tests in the diagnosis of Hymenoptera venom allergy
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Fig. 2. Skin test reaction to 100 ug/ml of both yellow jacket and honeybee venom, as well as to various
aeroallergens following a moderate systemic reaction to a sting in the neck. Specific IgE is demonstrable
in CAP-class Il to honeybee (2.27 kU/L) and vespid (2.24 kU/L) venom. ImmunoCAP(r)-inhibition shows
a clear dose-dependent decrease in bee venom-specific IgE following pre-incubation with both bee and
vespid venom (a). There was no decrease in vespid v-sIgE after pre-incubation with honeybee venom (b),
but only with vespid venom, which acts as a control. Venom immunotherapy was performed with vespid venom.

« sIgE inhibition aims to demonstrate cross-
reactivity between venoms or between ven-
oms and other sources of allergen, e.qg.
rapeseed pollen (14). By pre-incubation of
the patient’s serum with venom in various
concentrations, the respective v-sigE is
bound and therefore not able to bind to
venom allergens in the commercial test
system. v-sIgE in the pre-treated sample is
then measured by a sIgE test (14). If, for
example, the pre-incubation with honeybee
venom reduces not only the detection of
honeybee v-sIgE but also vespid v-sIgE, the
test indicates cross-reactivity. In individual
patients the demonstration of such cross-
reactivity may make it easier to perform
treatment with a single venom, despite
double sensitisation (see Fig. 2).

Despite having a history of only one sting the
patient may have “true” double sensitisation.
In that case, the patient must be treated with
several insect venoms.

Risk assessment: Serum tryptase

An elevated baseline serum tryptase level is
a risk factor for particularly severe sting re-
actions, as well as side effects and treatment
failure of VIT. This mainly occurs in vespid
venom-allergic patients (see chapter on Risk
Factors in this volume), and should be deter-
mined in all patients with Hymenoptera
venom allergy at least in those with moderate
to severe reactions (15).
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Hymenoptera venoms are important sources
of allergens that lead to clinically relevant
systemic allergic reactions. In Europe, hy-
menoptera venom allergy is caused by sting-
ing insects of the Apidae and Vespidae
families. Amongst the Apidae, most stings
leading to an allergic reaction are caused by
honeybees (Apis mellifera) and only a minor-
ity by bumble bees or other wild bees.
Amongst the Vespidae, Vespula spp. are re-
sponsible for the majority of allergic reac-
tions in Northern and Central Europe, where
they are the most prevalent species, whereas
in milder climates such as the Mediterranean
Polistes spp. prevail. In addition, hy-
menoptera venom allergy can also be caused,
although to a lesser extent, by stings from
other members of the Vespidae family such
as the European hornet (Vespa crabro) or
Dolichovespula spp.

Hymenoptera venom composition

and elicitors of venom allergy
Hymenoptera venoms are composed of low
molecular weight components, including
amines and toxins, and higher molecular
weight proteinaceous constituents. The lower
molecular weight compounds, such as hista-
mine, dopamine, and phospholipids, are not
allergenic but may be involved in sensitisa-
tion. Venom allergens are commonly found
within the higher molecular weight fraction of

peptides and proteins, many of which have
enzymatic activity. Tables 1 and 2 sum-
marise the important structural features and
relative content in whole dried venom of the
currently known allergens in Apis mellifera
and in Vespula vulgaris venom. In bee venom,
the only allergenic peptide is melittin, which
has a molecular weight of around 3 kDa, but
can also exist as a larger oligomer. The other
important allergenic molecules are large pro-
teins, with the most abundant being the 17
kDa phospholipase A2 (Table 1). The major
allergens in vespid venom, have a similar mo-
lecular weight to those found in bee venom,
with Antigen 5 being the dominant allergen.
The allergen composition between different
venoms from the Vespidae family is very sim-
ilar, and thus there is a high degree of IgE
cross-reactivity between genera such as
Vespula, Vespa, and Dolichovespula due to
the conserved molecular characteristics of
the allergens. In contrast, the venom of
Polistes spp. displays an allergen pattern that
can be differentiated from the other genera
of the Vespidae family. IgE cross-reactivity
can also occur between the venoms of some
members of the Apidae and Vespidae fami-
lies if IgE binding is directed against cross-
reactive allergens such as the hyaluronidases
(Api m 2, Ves v 2) or the dipeptidyl pepti-
dases (Api m 5, Ves v 3), which have more
than 50% amino acid sequence homology.

31



M. Ollert

Table 1. Allergens in Apis mellifera venom.

Allergen Common name/ MW Potential N- % of dry venom
Function Glycosylation sites

Apim 1 Phospholipase A2 17 kDa 1 10-12%

Apim 2 Hyaluronidase 45 kDa 2 1-3%

Apim 3 Acid Phosphatase 49 kDa 2-3 1%

Apim 4 Melittin 3 kDa o 50%

Apim5 Allergen C / DPP IV 100 kDa 5-7 1%

Apim 6 Protease-Inhibitor? 8 kDa o 1-2%

Apim7 CUB-Protease 39 kDa 2-4 ?

Apim 8 Carboxylesterase 70 kDa 4 ?

Icarapin Venom protein 2 55 kDa 3 ?

VP 58 58 kDa 3 ?

VP 60 60 kDa 4-5 ?

VP 200 200 kDa 1-2 ?

Hymenoptera venom

products for patient use

The stability of venom products for diagnostic
use is an important quality; in general, honey-
bee venom is much more stable than venom
from vespids. In the Iyophilised form, with
added human serum albumin, most venom
fractions remain stable for up to several
years, however, once the venom is in solution
stability is much lower. The standardisation
of venom extracts for use in diagnosis and
immunotherapy is also important. The quality
of venom products can now be tested using a
range of immunoassays, such as IgE inhibi-
tion and human recombinant IgE antibodies
directed at specific epitopes on the allergens.
For allergens with enzymatic activity, it is
possible to test if this is present.

Recombinant allergens

One way to improve the standardisation of
allergens for diagnostic use, and also for the
development of quality controls for venom
extracts, is through the use recombinant al-
lergens. Although recombinant Hymenoptera
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allergens can be expressed in a variety of cell
types, the use of different cell lines can result
in varying amounts of cross-reactive carbo-
hydrate determinants (CCDs) on the expressed
allergen. Levels of CCDs on Api m 5 are re-
duced by expression in mammalian and plant
cells compared with insect cells, however, the
protein epitope remains intact. As CCDs are
an important feature of the allergen, the use
of a eukaryotic baclovirus expression system
is recommended to ensure correct folding
and glycosylation of the expressed protein.
The enzymatic activity of the Api m 4 and Api
m 5 allergens from Apis mellifera venom was
preserved when the allergens were ex-
pressed in eukaryotic baclovirus system, but
not in E. coli or other prokaryotic expression
systems. In addition, recombinant allergens
can be used to produce recombinant mono-
clonal antibodies that can be used for the
production and quality control of allergens
and also for ELISA-based laboratory assays.
Recombinant 1gG4 antibodies generated
against Apim 1, 3, 5 and Ves v 5 were able to
detect the natural allergens in venom extracts.
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Table 2. Allergens in Vespula vulgaris venom.

Allergen Common name/ MwW Potential N- % of dry venom
Function Glycosylation sites

Vesv 1 Phospholipase A1 35 kDa 0 6-14%

Ves v 2a Hyaluronidase 42 kDa 2-4 1-3%

Ves v 2b Hyaluronidase 42 kDa 2 1-3%

Vesv 3 DPPIV 100 kDa 3 1%

Vesv 4 CUB-Protease 42 kDa 2-4 ?

Vesv 5 Antigen 5 25 kDa 0 5-10%

Ves v 200 kd 200 kDa ? ?

Future perspectives References

Based on the new molecular information and
recent technological advancements, a para-
digm shift in the standardisation of hy-
menoptera venom allergens for diagnosis
and treatment is already feasible today. How-
ever, the future standardisation of venoms
for diagnosis and treatment should not only
focus on the abundant major allergens such
as phospholipase A2 (Api m 1) in honeybee
venom, or antigen 5 (Ves v 5) in vespid
venom, but also on less abundantly ex-
pressed allergens such as Api m 3 and Ves v
3. Our increasing knowledge of the molecular
allergen content of Hymenoptera venoms
and the potential use of recombinant hy-
menoptera venom allergens in diagnosis, will
not only lead to new and improved diagnosis
and treatment of Hymenoptera venom al-
lergy, but also to improved quality control of
the diagnostic and therapeutic agents.
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Simultaneous reactivity to more than one Hy-
menoptera venom is commonly observed in
patients with hypersensitivity to stinging in-
sects. Multiple reactivity may be caused by
stings from more than one insect, or by
cross-reactivity. Understanding the sensiti-
zation pattern by exploring cross-reactions
and identifying the primary venom is essen-
tial for selection of the correct vaccine for
specificimmunotherapy and in estimating the
risk of a reaction to sting of a different
species.

Cross-reactivity between

honeybee and Vespula venom

Double sensitisation to honeybee and yellow
jacket (Vespula) venom is encountered in 30-
60% of patients with insect venom allergy
(1-5). According to studies using inhibition
experiments or species-specific recombinant
allergens, true double sensitisation is re-
sponsible for about 20-40% of double-pos-
itive results whereas the remaining cases
result from cross-reactivity (3, 4, 6-8). Fu-
cosylated N-glycans (cross-reactive carbo-
hydrate determinants; CCDs) account for
50-60% of all double-positive results (6-8).
Yellow jacket venoms contain a single estab-
lished glycoallergen, hyaluronidase (Ves v 2)
(Table 1), whereas in honeybee venom most
major and minor allergens, including phos-
pholipase A2, hyaluronidase, protease, and
acid phosphatase, are glycosylated. As a con-

sequence, CCD-positive sera may show par-
ticularly high in vitro scores for honeybee
venom. CCD-specific IgE antibodies have no
or very limited clinical relevance, therefore,
positive results due to CCD cross-reactions
should be considered as false positive.
Protein-specific cross-reactivity between
honeybee and yellow jacket venom is prima-
rily caused by the venom hyaluronidases (Api
m 2/Ves v 2), which have around 50% se-
quence identity. Since most of the IgE against
hyaluronidases is directed against attached
N-glycans, protein-induced cross-reactivity
is now estimated to be rare (9-10). Cross-re-
actions to dipeptidylpeptidase IV (Api m
5/Ves v 3), which is another allergen shared
by honeybee and yellow jacket venom, do not
appear to be a major cause for double-posi-
tivity (9). Protein-specific cross-reactivity
between venom hyaluronidases is commonly
assumed clinically relevant, but at present
this is not well supported by experimental
data. It is largely unknown whether rare cases
of anaphylaxis occurring after stings from
both bees and wasps in a single individual,
comes from true double sensitization or from
cross-reactivity (1, 2). A careful evaluation
of such patients is required for a better in-
sight into the potential significance of
hyaluronidase cross-reactions.

The classical method used to distinguish be-
tween true double sensitisation and cross-re-
activity is reciprocal IgE inhibition (4, 5).
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Table 1. Allergen sequence similarity of Vespula allergens

Vespula vulgaris

Sequence identity of homologous proteins in other Vespula species

allergen

PLA1 Vespula maculifrons (P51528) 95%

Ves v 1(P49369) Vespula germanica(Q3ZU95) 94%
Vespula squamosa (Kolarich 2007) 71%

Hyaluronidase Vespula germanica (QO5FZ2): 99%

Ves v 2 (P9370)

Antigen 5 Vespula flavopilosa (P35783) 98%

Ves v 5(Q05110) Vespula maculifrons (P35760, Q2L6Z1) 92-95%
Vespula germanica (Q3ZU96) 94%
Vespula pensylvanica (P35785) 93%
Vespula vidua (P35787) 74%
Vespula squamosa (P36786) 71%

Recent data has emphasised the importance
of including an appropriate CCD-inhibitor to
reliably identify cross-reactions caused by
CCD alone (6-8). Screening for anti-CCD IgE
antibodies in individual sera using commer-
cial assays (e.qg. specific IgE test against
bromelain) may be helpful in identifying CCD-
positive patients; however, positive results
do not reliably exclude true double-sensiti-
sation, since around 10-20% of CCD-posi-
tive sera simultaneously contain IgE against
unique peptide epitopes in both venoms.
These CCD-related problems should be over-
come when commercial assays using recom-
binant venom allergens become available.

Cross-reactivity within

the Apidae family (bees and bumblebees)
The allergens from different honeybee
species (Apis mellifera, A. cerana, A. dorsata)
are virtually identical, with sequence identi-
ties of major and minor allergens always ex-
ceeding 90%. In allergy tests, most
honeybee venom-allergic subjects cross-
react to a certain extent with bumblebee
venom (Bombus spp.), which presumably ex-
plains allergic reactions to occasional bum-
blebee stings in honeybee-allergic patients
(11). Remarkably, patients with a genuine
sensitisation to bumblebee venom (e.g. work-
ers heavily exposed to bumblebees used as
pollinators in greenhouses) showed only
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moderate cross-reactivity with honeybee
venom (12). Thus, immunotherapy using
honeybee venom may be ineffective in such
patients (13). Consistent with these findings,
recent molecular data indicated only 53%
identity between the phospholipases from
the two venoms (1 1).

Cross-reactivity

between wasp venoms (Vespidae)

The allergens of different Vespula species
have very high sequence identity with each
other (around 95%) and are largely im-
munologically indistinguishable (Table 2)
(14, 15). Conspicuous exceptions are the
American species V. squamosa and V. vidua,
both of which show significantly reduced
cross-reactivity with the other members of
the same genus. While venoms from different
Vespula species are considered to be equiv-
alent and interchangeable with regard to al-
lergy diagnosis and immunotherapy,
controlled sting challenges show a signifi-
cantly higher rate of systemic reactions to
Vespula maculifrons specimens as compared
with V. germanica (16).

There is also evidence of substantial cross-
reactivity of Vespula venoms with those from
other Vespinae, including Dolichovespula
spp. and Vespa crabro. (European hornet),
even though restricted reactivity with single
venoms has been observed with mouse and
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Table 2. Allergen sequence similarity of Vespinae and Polistinae allergens.

a5 Vespula - Dolichovespula, Vespa 64-73%
Vespula - Polistes 57-59%
Polistes - Polistes 85-98%
PLA1 Vespula - Dolichovespula 67-69%
Vespula - Polistes 30-55%
Polistes - Polistes 76%
HYA Vespula - Dolichovespula 80%
Vespula - Polistes 73%

rabbit antisera and occasionally with human
IgE (14, 17). Molecular data indicate that
high similarity exists only between venom
hyaluronidases (~90% identity), whereas the
identity between phospholipases and anti-
gens 5 is only around 65%. Furthermore, in
CCD-positive sera, a substantial part of the
observed cross-reactivity may be due to car-
bohydrate. During allergy testing, up to 90%
of patients with vespid venom allergy react
with all Vespinae venoms, but usually most
strongly with Vespula venom, which is con-
sistent with primary sensitisation by Vespula
stings in the majority of patients (2). Vespula
venom is therefore considered appropriate
for diagnosis and immunotherapy in the vast
majority of patients.

The clinical relevance of cross-reactivity with
Dolichovespula venom in European patients
is largely unknown because stings by these
less aggressive wasps are rare and discrimi-
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nation between Dolichovespula and Vespula
species in the field is unfeasible. In contrast,
hornet (Vespa crabro) stings are well docu-
mented as a cause of anaphylaxis and even
perhaps associated with particularly severe
reactions (18). Reciprocal IgE inhibition in
patients with a history of hornet sting allergy,
revealed primary Vespula allergy in most
cases (confirming the clinical relevance of
cross-reactivity with hornet venom) but true
sensitisation to Vespa venom may be pres-
ent in a subset of patients (19, 20). While
Vespula venom presumably is sensitive
enough to identify most patients with gen-
uine Vespa or Dolichovespula allergy, it might
not provide full protection when used for
venom immunotherapy.

Cross-reactivity between vyellow jacket
(Vespinae) and paper wasp (Polistes, Polisti-
nae) venoms is limited, due to a sequence
identity of less than 60% between Vespinae

: 81-86%
gallicus - gallicus
dominulus - dominulus

Y

46-48%
gallicus - American Mix
dominulus - American Mix

10 ID'W 10
300.0

Fig. 1. IgE inhibition between European and American species of Polistes. Reproduced from Severino MG,
Campi P, Macchia D et al. European Polistes venom allergy. Allergy 2006;6 1:860-863, with permission

from Blackwell publishing Ltd.
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and Polistinae phospholipases and antigens
5 (14, 21). Nevertheless, around 50% of
Vespula-allergic patients still react to allergy
tests with Polistes venom and vice versa (19,
22). Careful identification of the primary
venom in Vespula-Polistes double-positive
patients is of great importance in Mediter-
ranean countries where stings by the ther-
mophilic paper wasps can be more frequent
than stings by the other Hymenoptera. Here
the majority of patients with allergic reac-
tions after a paper wasp sting may show pri-
mary sensitisation to Polistes venom while
cross-reactivity with Vespula venom is less
important (19-22). Due to incomplete cross-
reactivity between European (dominulus, gal-
licus) and American Polistes species
(fuscatus, exclamans) (Fig. 1), diagnosis and
immunotherapy should be carried out with
venoms from local species (22, 23).
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Diagnosis of Hymenoptera venom allergy has
evolved dramatically since the very early
days when tests were based on the use of
whole-body extracts (1, 2). Whole-body ex-
tracts of wasp and bee were in use up until
the late nineteen seventies (3), and are still in
use for ant venom allergy testing and im-
munotherapy (4). The direct collection of
venom material from venom sacs has re-
duced the amount of unnecessary peptides,
not related to allergic sensitisation, in Hy-
menoptera venom preparations. However, al-
lergenic preparations from pollen, epithelia,
fruits, and seeds still require use of whole tis-
sue. The number of diagnostic tools for al-
lergy has multiplied in the last 20 years,
which has led not only to a better clinical un-
derstanding of allergies, but also to a dra-
matic increase in the number of newly
identified allergens (Fig. 1). To date, the Al-
lergome database (www.allergome.orq) lists
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Fig. 1. Increase in the number of identified allergens.

1676 allergenic molecules, excluding iso-
forms and epitopes, and 1169 isoforms of
allergenic molecules (5).

Currently, 54 species of Hymenoptera world-
wide have been described as allergenic (Table
1) (6). Compared to many other sources of
allergens, identification of the allergenic com-
ponents of Hymenoptera venom started very
early (7, 8-11). This was partly helped by the
interest of scientists who were outside the
field of immunology research, and soon led to
a number of Hymenoptera antigens becom-
ing commercially available (12, 13). The
identification and characterisation of aller-
genic molecules in bee, wasp, and ant venom
continues and more than 160 articles have
been published on the topic so far (5). Bio-
chemical, immunochemical, molecular biol-
ogy, and bioinformatics tools have been
applied to characterise the allergenic mole-
cules of Hymenoptera venom. Currently, 90
allergenic molecules with 73 isoforms have
been characterised from 34 species, and the
allergenic components of a further 22
species of Hymenoptera await characterisa-
tion. Allergenic molecules are grouped de-
pending on their biochemical function and
structure and, in general, official WHO-IUIS
nomenclature reflects this grouping, unless
numerous exceptions exist (14). The knowl-
edge of which molecules in venoms are anti-
genic is the basis for improving the diagnosis
of allergies in general, and more specifically,
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Table 1. Allergenic bees, wasps, and ants. Species marked with * have at least one allergenic molecule
being characterised. Data retrieved on August 10, 2009 from www.allergome.org (5).

Apis cerana *

Apis dorsata *

Apis florea *

Apis mellifera *

Apis mellifera scutellata
Bombus pennsylvanicus *
Bombus terrestris *
Brachyponera chinensis
Camponotus pennsylvanicus
Dolichovespula arenaria *
Dolichovespula maculata *
Monomorium pharaonis
Myrmecia forficata
Myrmecia gratiosa
Myrmecia gulosa
Myrmecia ludlowi
Myrmecia nigriscapa

Myrmecia nigrocincta

Myrmecia pilosula *
Myrmecia pyriformis
Myrmecia simillima
Myrmecia tarsata
Odontomachus bauri
Pachycondyla chinensis *
Pachycondyla sennaarensis
Pachycondyla solitaria
Pogonomyrmex rugosus
Polistes annularis
Polistes apachus
Polistes dominulus *
Polistes exclamans *
Polistes fuscatus *
Polistes gallicus *
Polistes hebraeus *
Polistes metricus *

Polistes versicolor

Polybia paulista *
Solenopsis aurea
Solenopsis geminata *
Solenopsis invicta *
Solenopsis richteri *
Solenopsis saevissima *
Solenopsis xyloni
Tetraponera rufonigra
Vespa crabro *

Vespa magnifica *
Vespa mandarinia *
Vespa velutina *
Vespula germanica *
Vespula maculifrons *
Vespula pensylvanica *
Vespula squamosa *
Vespula vidua *

Vespula vulgaris *

Hymenoptera venom sensitisation. In the last
ten years an increasing number of publica-
tions have been published on molecule-based
allergy diagnosis. The first allergenic mole-
cules to become commercially available were
the pollen allergens, and allergenic molecules
are now available for most allergenic sources.
It is now possible to obtain a profile of a pa-
tient’s IgE using microarray technology to
test a combination of molecular preparations
(15).

Profiling the patient’s IgE sensitisation also
enables the evaluation of structurally homol-
ogous molecules (16, 17). Although this is
generally the case for a group of allergens in
IgE-mediated disease, structural homology
does not necessarily mean IgE co-recogni-
tion. IgE co-recognition must be explored in
individual patients and it is feasible that a
combination of the technological approaches
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listed above can provide answers to long-
standing problems, such as double-positive
patients (18). The use of cloned allergens de-
posited in minute amounts on biochips will
reduce the need for venom raw material and
reduce the costs associated with testing.
Moreover, several classes of immunoglobu-
lins are of interest in the immune response
to Hymenoptera venom and microarray tech-
nology-based diagnosis will enable simulta-
neous measurement of IgE, 1gG4, and total
IgG. This approach will lead to a better un-
derstanding of the patient’s status before
and after immunotherapy. A robust diagnos-
tic strategy based on these innovative tools
should be the starting point for future mole-
cule-based immunotherapy.
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INSECT STINGS AND BITES - NOT ONLY
HYMENOPTERA
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Allergic reactions to insects other than hy-
menoptera are not commonly reported. How-
ever, the stings or bites of mosquitoes, or
direct contact with caterpillars, and silk
worms can be responsible for large local re-
actions (LLRs) and severe anaphylactic reac-
tions. Other arthropods, such red mosquito
larvae, cockroaches, ladybugs or silverfish
may play an important role as inhalant aller-
gens in causing asthma. Due to the fact that
diagnostic tools are not yet well standard-
ised, their role as allergens may well be
underestimated. The use of a single or re-
combinant allergen could improve the diagnosis
and possibly also therapeutic management of
such allergies.

Introduction

Insects belong to the phylum of the arthro-

pods - the largest animal family on earth in-

cluding:

* Arachnoidea (spiders, ticks, scorpions and
mites)

« Centipedes and millipedes

« Crustaceae (Shrimps, Crabs, Lobster,
Crawfish, Woodlice)

* Insects

Allergic reactions to all of these orders have
been reported. Allergies to various species
of mites (house dust mites, storage mites)
are well known, and allergic reactions to

some ticks such as the European pigeon tick
(Argas reflexus) have also been well charac-
terised (1). Bites, stings or local contact with
arthropods do not only result in allergic re-
actions (see Table 1), but local pain and large
reactions can also be due to toxic sub-
stances; some substances may induce sys-
temic toxic or even lethal reactions. However,
possibly the most important risk to public
health is the transmission of vector-borne
diseases - such as malaria or onchocercosis.

Insects as allergens

The insect class is estimated to include more
than 6 million species - of which only about
one million are currently known. Allergic re-
actions to Hymenoptera are well known. Be-
sides honeybees and various wasp species,
imported red fire ants are a common cause
of local and systemic allergic reactions. Their
venom is injected by bites not stings and
contains similar alkaloids to wasp venom.
Cross-reactions with different Hymenoptera
venom can occur. Allergen-specific im-
munotherapy is possible but is still mostly
based on whole-body extracts, with limited
success (2). Due to the increasing number of
imported goods, the red fire ant has been
brought to Europe where it has been respon-
sible for anaphylactic reactions (3). Also, rare
cases of anaphylaxis due to other ants, such
as the red harvest ant, have been observed (4).
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Allergic reactions to mosquitoes
Mosquitoes occur worldwide and allergic re-
actions, including severe local and systemic
reactions to mosquito bites, may involve im-
munoglobulin E, immunoglobulin G, and T-
lymphocyte-mediated hypersensitivities in
response to allergens in mosquito saliva.
Naturally acquired desensitisation to mos-
quito saliva may occur during childhood or
during long-term exposure to mosquitoes. As
the availability of mosquito salivary prepara-
tions for use in skin tests and in vitro tests is
very limited, allergic reactions to mosquito
bites are likely under-diagnosed and under-
treated.

Typical local cutaneous reactions to mosquito
bites consist of immediate wheals and flares,
peaking 20 minutes after the bite, and de-
layed pruritic indurated papules peaking at
24-36 h, then diminishing over several days
or weeks (5). LLRs to mosquito bites consist
of itchy, red, warm swellings appearing within
minutes, and itchy papules, ecchymotic,
vesiculated, blistering, bullous reactions or
even arthus reactions, appearing 2-6 h after
the bites and persisting for days or weeks.
Only reactions with large or atypical (ecchy-
motic or vesiculated) local reactions or sys-
temic reactions should be described as
‘mosquito allergy’. ‘Skeeter syndrome’ is de-
fined as a mosquito saliva-induced large local
inflammatory reaction that is sometimes ac-
companied by low-grade fever and often mis-
diagnosed as cellulitis. Systemic reactions
following mosquito bites include an-
gioedema, generalised urticaria, nausea,
vomiting, wheezing and other manifestations
of anaphylaxis. Individuals at increased risk
of severe reactions to mosquito bites include
those with a high level of exposure, for ex-
ample, outdoor workers. In addition, severe
reactions can be observed in individuals with
weak natural immunity, such as infants and
young children or those who have had no pre-
vious exposure to indigenous mosquitoes, for
example, immigrants or visitors. Individuals
with Epstein-Barr virus-associated natural
killer/T lymphoproliferative diseases may
even develop necrotic skin ulcers at the sites
of mosquito bites as these play an important
role in the pathogenesis of mosquito allergy.
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Cytotoxic chemotherapy successfully im-
proves the symptoms of mosquito allergy in
these patients.

Non-IgE-mediated mast cell degranulation
may also be involved in the mechanism of
mosquito-bite induced allergic responses.
Recently, mosquito bite-induced skin mast
cell degranulation leading to fluid extravasa-
tion and recruitment of neutrophils at the site
of the mosquito bite was reported in a murine
model. Anopheles stephensi saliva directly
induces isolated connective tissue-type but
not mucosal-type mast cells to degranulate
in vitro in the absence of IgE antibodies (6).
This effect may explain the observation that
patients with mastocytosis often react very
strongly to mosquito bites.

Skin prick tests to mosquito saliva are com-
mercially available; however, their sensitivity
and specificity is limited. Mosquito saliva can
be obtained only by dissecting out the sali-
vary glands or by direct collection of saliva
from living female mosquitoes, which is very
time consuming and thus is not practical. Due
to the lack of salivary preparations, allergic
reactions to mosquito bites are under-diag-
nosed and under-treated. Recent diagnostic
approaches utilising recombinant mosquito
allergens are more promising. Salivary pro-
teins of Ae. aegypti, includingrAed a 1, rAed
a 2, rAed a 3, and rAed a 4 have been char-
acterised (7-9).

Based on clinical and experimental observa-
tions, the natural history of sensitisation and
subsequent desensitisation to the saliva in-
jected by mosquito bites has been docu-
mented (10). Natural desensitisation may
take years to occur, or might never occur, as
mosquito-allergic individuals usually try to
avoid getting bitten by mosquitoes. Natural
desensitisation probably occurs during child-
hood and adolescence, and thus infants and
young children may be at increased risk of
having severe reactions to mosquito bites.
Based on the these observations, im-
munotherapy with injections of gradually in-
creasing doses of mosquito saliva proteins
may be expected to prevent reactions to
mosquito bites, and immunotherapy using in-
jections of mosquito whole-body extracts
have confirmed this (10, 11). A recent study



using whole-body extracts of single insects
(cockroach, housefly, or mosquito) and a mix
of these allergens for immunotherapy
showed no significant difference between
mixed and single group patients for changes
in clinical and immunological parameters. A
positive correlation was observed between
an increase in IgG4 and clinical improvement
(12). Immunotherapy to mosquito deserves
further consideration, since mosquito aller-
gens contained in dust have been proposed
to induce symptoms of allergic asthma (13).
Immunotherapy with mosquito allergens is,
however, not widely used in mosquito allergy,
because currently commercially available
mosquito whole-body extracts contain low
amounts of mosquito saliva proteins and
many non-salivary proteins - which are inef-
fective in down-requlating the specific im-
mune responses to mosquito salivary
allergens and may even cause additional sen-
sitisation. Possibly the use of single native or
recombinant mosquito allergens might sig-
nificantly add to improved IT and achieve re-
sults comparable to honeybee or wasp
hypersensitivity.

Allergic reactions to chironomid larvae
(Red Mosquito/midge larvae)
Chironomids are insects that inhabit wet-
lands. In countries such as Sudan, Egypt, but
also The United States and Japan they are
frequently the cause of serious allergies. In
Europe, chironomid allergy is rare and has
only been described in patients who handle
chironomid larvae contained in certain fish
foods. Thus, it is mostly known as “fishfood”
allergy - manifesting mostly with rhinocon-
juncitivits or even asthmatic symptoms while
feeding fish. Both skin prick tests and kits to
detect, specific serum IgE are commercially
available for diagnosis. In vitro technigues
have demonstrated cross-reactivity with
common mosquitoes (14).

Allergic reactions to ladybugs

Recently, reports of allergic reactions to lar-
vae of ladybugs (Harmonia axyridisi) have
been published (15). These larvae cause
rhinoconjunictivits or allergic asthma pre-
dominantly during the winter months. Sensi-
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tisation can be detected by skin tests or spe-
cific IgE in the serum. Analysis of proteins
has identified two specific allergens, Har a 1
and Har a 2, and in vitro cross-reactivity with
Blattella germanica has been observed. Pre-
liminary data suggest that the 10 kD protein
Har a 1 is specific for ladybugs and may be
suitable for measuring 1gG antibodies and for
assessing environmental exposure. As treat-
ment approaches are limited, different avoid-
ance techniques have been tried, including
chemicals, traps, sound waves, and painting
the house a dark colour to discourage
swarming. Although none of these methods
were consistently successful, the best results
were reported when treating the outside of
the house with pyrethroids before cold
weather. Whether the allergens are primarily
derived from the brown liquid ladybugs ex-
crete, making distinctive marks on the walls,
or from the debris of dead beetles is not
clear. Immunotherapy with extracts of H.
axyridis has been reported anecdotally, but
to date, no controlled trials have been per-
formed. As controlled trials are essential, it
is unlikely that commercial extracts will be
approved for immunotherapy for several
years.

Allergic reactions to cockroaches
Cockroaches are frequently found in homes
worldwide and are well adapted to modern
human residential areas. Over 3,500 cock-
roach species exist worldwide and about 50
species live in or around human houses. Exc-
reta, requrgitated food, excreted body fluid,
dead bodies, and castovers contain allergens
and elicit strong allergic symptoms in sensi-
tised individuals. Cockroaches are an impor-
tant inhalant allergen in many areas of the
world. In some regions such as Brazil they are
even the most common cause of allergic
asthma (16). Major IgE binding components
of cockroach were found to be concentrated
in the faeces.

Exposure to cockroach allergens in the first
three months of life has been associated with
repeated wheezing and asthma. The princi-
pal domestic cockroach species are Blattella
germanica and Periplaneta americana. Both
species produce several potent allergens,
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Table 1. Insects other than Hymenoptera with reported allergic symptoms

Family Local reactions Asthma Anaphylaxis
Mosquitoes +++ ++ +

Red midge larvae + ++

Cockroaches +++ +

Silverfish ++

Silkworm + ++

Caterpillar +++ +

Ladybugs +++

including Bla g 2 (inactive aspartic proteinase),
Bla g 4 (calycin), Bla g 5 (glutathione-S-
transferase), the group 1 cross-reactive al-
lergens Blag 1 and Per a 1, and tropomyosin.
The 3-dimensional structures of several
cockroach allergens are known, and biologi-
cally active recombinant allergens have been
produced in high-level expression vectors.
The use of recombinant cockroach allergens
should facilitate investigation of the mecha-
nisms of cockroach-induced asthma and may
lead to the development of new approaches
to asthma treatment. Environmental allergen
measurements of Blag 1 and Bla g 2 have al-
lowed exposure levels that cause allergic sen-
sitisation to be established. Abatement
studies have shown that a sustained de-
crease in cockroach allergen levels is difficult
but can be accomplished by professional ap-
plication of insecticides, together with rigor-
ous household cleaning. Cockroach asthma is
an important public health problem that af-
fects patients who are the least likely to be
compliant with treatment with asthma med-
ications or environmental control and may
also play an important role in inner-city
asthma morbidity. Patient education, im-
provements in housing and environmental
and immunologic treatment strategies are
likely to be the most successful approaches
to reduce the prevalence of cockroach-in-
duced asthma (18, 19).
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Allergic reactions to other insects

Silverfish

Silverfish (Lepisma saccharina) are the most
primitive living insect. Significant levels of sil-
verfish allergens can be present in house
dust, even in houses where the inhabitants
are unaware of their presence. Although in-
halant allergies to silverfish have been de-
scribed (19), there are currently no silverfish
extract for diagnosis of allergic diseases
commercially available. Identification of op-
timal extraction conditions and characterisa-
tion of allergenic extracts are the first steps
to obtain an effective allergen preparation
suitable for diagnosis and therapy, and will be
useful as a reference for assessing silverfish
allergen exposure in different indoor envi-
ronments. A silverfish tropomyosin, Lep s 1,
has been cloned and characterised and is the
first allergen identified in silverfish extract.
rLep s 1 displayed biological activity, sug-
gesting that it could be regarded as a useful
tool to study the role of silverfish
tropomyosin in the sensitisation to inverte-
brate allergic sources.

Caterpillars

Caterpillars are wormlike, larval forms of but-
terflies and moths of the insect order Lepi-
doptera. Most caterpillars pose little threat to
humans and caterpillars from only 12 fami-
lies throughout the world are capable of in-
flicting serious human injuries. Exposure to
processionary tree caterpillars can, however,
cause an allergic reaction in humans. Contact
urticaria and contact dermatitis are the most
common manifestations. Systemic reactions



due to inhalation/ingestion of the caterpil-
lar’s airborne toxin-containing hair and
spines occur less frequently and have been
reported in forestry workers (20, 21).

Silk worm

Silk worms (Bombyx mori) can induce aller-
gic reactions, these result mostly from occu-
pational exposure among silk farmers and
workers in silk filatures. Many workers who
are exposed to silkworm allergens develop
asthma. Non-occupational exposure to silk
can also result in sensitisation, but this oc-
curs rarely (22). Allergic reactions can also
be caused by inhaling or touching allergens
from silk products such as quilts and clothes
or eating pupa-containing foods (23, 24) Re-
cently, arginine kinase has been identified as
a major silkworm allergen (25).

Cross-reactivity

between invertebrate allergens
Tropomyosin from a number of insects, such
as the red mosquito larvae, has been described
(26). As with other allergenic sources this

Insect stings and bites - not only Hymenoptera

raises the possibility that primary sensitisa-
tion against insect tropomyosins from in-
halation, stings or bites could lead to a
secondary food allergy. Thus, structural ho-
mology between tropomyosins from cock-
roaches, mites, and shrimp may explain
clinical cases of the oral allergy syndrome or
even severe anaphylaxis due to food allergy
also called the “mite-cockroach-crustacean-
syndrome”. Recent reports have also shown
cross-reactivity with tropomyosin from as-
caris lumbricoides. Interestingly, infection
with A. lumbricoides has been associated
with lack of protection or even increased risk
for allergen sensitisation and asthma symp-
toms in some studies, whereas infections
with Schistosoma and hookworm were shown
to promote protection (27, 28). All these al-
lergens, possibly due to their evolutionary
distance from human homologues, might be
relevant for important food or inhalant aller-
gies. The same could be relevant not only for
cockroaches but also mosquitoes, ladybugs
or silkworms (29), see Fig. 1.

Tropomyosin Cross-Reactivity

Insects Other Arthropods
Cockroaches Mites
Chironmids Crabs
Cockroachs Lobster
Fruit fly Shrimps
Grasshoppers Snails
Silverfish

Helminths

Anisakis simplex

Ascaris lumbricoides

Onchocerca volvulus

Fig. 1. Known cross-reactivity between various species and genera of insects, other arthropods and helminths
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Other potential allergenic

risks of insect bites and stings

Recently, a possible relationship between tick
bites and meat allergy due to antibodies
against mammalian carbohydrates such as
galactose-alpha-1,3-galactose has been
raised. Based on current evidence, it might
be possible that tick bites can give rise to IgE
responses against both carbohydrates and
tick-derived proteins. Glycosylation of pro-
teins might create a risk for severe hyper-
sensitivity against these otherwise
non-allergenic substances and may explain
why some recombinant molecules as mono-
clonal antibodies can provoke severe ana-

phylactic reactions when glycosylated
(30-32).
Conclusions

In conclusion, allergic reactions occur to var-
ious insects besides Hymenoptera. These in-
clude not only local reactions but in rare
cases also severe anaphylactic reactions. In-
halation of insect allergens or possibly also
their presence in food might be important
causes of asthma. Cross-reactivity with po-
tent allergens such as tropomyosin from in-
vertebrates such as mites or some helminthic
parasites occurs. However, mainly due to the
limited accuracy of the available diagnostic
tools the significance of these allergies is still
unknown. The use of recombinant allergens
and new technologies such as microarray-
based allergy diagnosis may further con-
tribute to a better understanding of allergies
to insects other than Hymenoptera.
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The author states no conflicts of interest.
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PART TWO

Treatment with venom immunotherapy






VENOM IMMUNOTHERAPY:
INDICATION AND DURATION

Holger Mosbech

Allergy Unit, Copenhagen University Hospital, Denmark

Venom immunotherapy (VIT) is an effective
treatment for reducing the risk of systemic and
local reactions in individuals with Hymenoptera
venom allergy (1, 2). The indication for VIT in hy-
menoptera venom allergic individuals is based
on the outcome of diagnostic testing (skin tests
and specific IgE) and the presence of other risk
factors for a future severe reaction (2). However,
some groups of patients, such as beekeepers,
pregnant women, and patients on antihyperten-
sive treatment with beta-blockers or ACE-in-
hibitors present special circumstances.
Beekeepers who continue to keep bees have a
high likelihood of a future sting and possible mul-
tiple stings. The most effective way to reduce
this likelihood is to give up bee keeping, how-
ever, many patients are reluctant to do this. Al-
ternative approaches in case of treatment
failures could involve giving a double dose of VIT
with a sting challenge to test effectiveness
and/or the issue of two EpiPens’. In pregnant
women, the start of VIT should be postponed
until after the birth, but if already on mainte-
nance dose, a VIT without complications could
be continued. Patients receiving treatment with
beta-blockers should consider changing to a car-
dioselective version, or to a drug from another
group if otherwise equivalent. ACE-inhibitor
treatment has likewise been suspected of dete-
riorating allergic reaction although there is no
strong evidence at present.

Clinical practice guidelines for starting and stop-
ping VIT in Europe and US are rather similar (2,

3). The duration of VIT should clearly be deter-
mined by the duration of the protective effect
that it offers. A review of clinical studies reported
that 7.5-19% of patients have a systemic reac-
tion when re-stung 3 and 7 years after discon-
tinuation of VIT (2). Often, the systemic
reactions following a re-sting are less severe
than the original reaction (4). The actual re-
ported efficacy rates varies considerably in dif-
ferent studies depending on type of insect, sting
challenge vs. field sting, age group, classification
of symptoms, duration of treatment, patient se-
lection etc. A risk factor should be identified
within one study group, ideally with the help of
multivariate analyses. No such study exists, how-
ever, in general, adults are more likely to suffer a
relapse after stopping VIT than children and are
also more likely to suffer side effects. Patients
with honeybee venom allergy, severe reactions
to VIT, and patients who underwent VIT for three
years versus those who were treated for five
years or more are also more likely to suffer a re-
lapse (5). Elevated basal serum tryptase levels
(6, 7), mastocytosis, and elevated skin sensitiv-
ity at the time of ending VIT are also indicative of
a higher risk of relapse (2). In patients who re-
ceived five or more years of VIT the proportion
who experienced systemic reactions to a re-
sting did not increase from three to nine years
after stopping treatment (5). Some studies have
recommended a negative sIgE test as stopping
criteria (8), however this does not seem valid
(9).
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In conclusion, the 2005 EAACI guidelines (2) are
still valid. A treatment duration of five years or
lifelong, depending on risk factors, is recom-
mended, and the duration of protection after
treatment is likely to be >10 yrs or lifelong, de-
pending on the individual patient’s risk factors.
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VENOM IMMUNOTHERAPY?
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Introduction

There is no doubt that venom immunother-
apy (VIT) is a highly effective treatment,
which lessens the risk of a subsequent sys-
temic reaction (SR), reduces morbidity and
mortality, and improves the patients’ health-
related quality of life (1, 2). However, local
and systemic reactions, especially during the
initial phase of VIT, are not rare (1-3). Large
local reactions (LLRs) to injections are com-
mon, and occur in up to 50% of patients. Al-
though LLRs during VIT can be bothersome,
they are not a risk factor for SR and do not
usually necessitate a reduction in venom
dose or prevent the physician from reaching
full dose while up-dosing. The biggest risk of
VIT is an anaphylactic reaction, and this rep-
resents a significant problem in the treat-
ment of venom allergic patients. Other side
effects of VIT, such as serum sickness, are
extremely rare (3). Reports in the literature
reveal a large variation (0-46%) in the inci-
dence of side effects attributable to VIT (1, 3)
(Table 1). However, comparison of the inci-
dence of SR between different VIT protocols
is problematic, as different investigators em-
ploy different classification systems for
measuring the severity of adverse reactions (1).
The study “Hymenoptera Venom Study III”,
on the safety of VIT revealed that 12% of pa-
tients that received VIT experienced SRs
(327 in 1410 subjects); 9% of which were
severe, 32% moderate, and 59% mild (4).

In a multicenter European prospective study
evaluating data from 840 patients, side ef-
fects to VIT occurred in 20% of patients; the
majority of these reactions were mild in
severity, and only one third required medical
treatment (5). An analysis of eight studies
that enrolled at least 100 patients, reported
that 20.3% of patients treated with VIT ex-
perienced side effects; SRs were reported in
2-16% of patients and adrenaline was ad-
ministered to 0.2-5% of patients who expe-
rience a SR (6). However, according to some
studies side effects of VIT are less frequent
than those occurring during subcutaneous
immunotherapy for inhalant allergens (7); in
a prospective study comparing the frequency
of side effects with VIT to aeroallergens, VIT
with wasp venom had the highest frequency
of patients reaching the maintenance dose
without adverse reactions and the lowest fre-
qguency of side effects (8).

Risk factors of side effects

SRs during VIT pose a serious problem and
presently there is no reliable test able to pre-
dict the risk of an SR. The finding that in-
creased basophil sensitivity to
allergen-specific in vitro stimulation is sig-
nificantly associated with major side effects
of VIT needs to be confirmed by further stud-
ies (9). To reduce the incidence of SR during
VIT, it would be useful to define the risk fac-
tors. In a European multicenter study, a
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Table 1. Venom immunotherapy and side effects

 Lockey RF et al. (4):

12% of 1410 VIT treated subjects experienced 327 SRs

* Mosbech H et al. (5):
20% of 840 patients had side effects

* Niedoszytko M et al. (6):

20.3% of 3006 patients had side effects, among which SRs occurred in 2-16%*

Side effects were more frequent with honeybee venom extracts and during the incremental phase

SR: systemic reaction
VIT: venom-specific immunotherapy
* This review included reference (5).

greater risk of SRs was demonstrated during
the incremental phase of VIT, in female pa-
tients, in subjects receiving bee venom vac-
cines, and in patients undergoing a rapid
incremental phase, but not in patients with a
history of a severe original SR (5). Similar
findings for several of these parameters were
reported in a previous, larger retrospective
study that reported SRs were most likely to
occur at venom doses between 1 and 50 ug
and at maintenance dosage, and that severe
anaphylactic reactions were more frequent in
patients receiving beta-blockers (4). Beta-
blockers do not appear to increase the over-
all risk of a SR during VIT, but in the case of
a SR the event is likely to be more severe (1).
In a recent review article that evaluated eight
VIT studies in the general population, honey-
bee VIT was confirmed to be a risk factor for
SR; side effects occurred in 26.6% of pa-
tients treated with honeybee venom, and in
11.2% of patients treated with yellow jacket
venom (6). In contrast to the findings of the
European multicenter study, several retro-
spective studies concluded that treatment
with rush and ultrarush protocols are toler-
ated at least as well as or even better than
treatment with slower protocols (7). Side ef-
fects during VIT are probably more frequent
in mastocytosis patients, especially in those
with a yellow jacket venom allergy (6). How-
ever, risk factors for adverse reactions in this
patient population (e.g. type of mastocytosis,
protocol) require further evaluation (10).
Preliminary data from a multicenter Euro-
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pean prospective study of 1,000 patients
with venom allergy show that an elevated
baseline mast cell tryptase concentration
represents a risk factor for side effects dur-
ing VIT. Unlike inhalant allergen immunother-
apy, patients with venom allergy who show
high sensitivity in skin tests or high titres in
sIgE laboratory tests do non seem to be at
higher risk of developing side effects during
VIT (11).

Premedication

Pre-treatment with an H1 antihistamine has
been demonstrated to reduce the number
and severity of large local reactions and mild
systemic reactions to VIT, such as urticaria
and angioedema. Antihistamine pre-treat-
ment should be started one or two days be-
fore VIT and continued until the maintenance
dose has been well tolerated at least three
times (1). In one study, antihistamine pre-
medication with levocetirizine was reported
to enhance the clinical efficacy of ultrarush
honeybee VIT (12). However, this finding was
not confirmed by another recent study, al-
though levocetirizine was able to affect the
expression of histamine receptors and cy-
tokine production by allergen-specific T cells
(13). Pre-treatment with a combination of
H1 antihistamine and a corticosteroid have
not been performed in honeybee and vespid
VIT, except in patients with mast cell dis-
eases (6). In a prospective, double-blind, ran-
domised, placebo-controlled pilot study, the
occurrence of local reactions after VIT was
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significantly delayed by pre-treatment with
the leukotriene antagonist montelukast (14).
Pre-treatment with anti-IgE monoclonal anti-
bodies may permit more rapid and higher
doses of allergen immunotherapy while im-
proving its safety. Moreover, this pre-treat-
ment could play an important role in insect
venom allergic patients who are intolerant to
VIT. There are several case reports of bee
venom allergic patients (15), including pa-
tients suffering from indolent systemic mas-
tocytosis (16), who experienced SRs to VIT
and who were able to tolerate VIT after pre-
treatment with omalizumab. However, Sori-
ano Gomis and colleagues reported a case of
systemic allergic reaction with bee-venom
immunotherapy in spite of pre-treatment
with omalizumab and antihistamines (17).
Further studies on larger patient populations
are required to ascertain whether treatment
with anti-IgE can enhanced the safety and
perhaps efficacy of VIT.

Route of administration

Due to its good safety profile, sublingual im-
munotherapy (SLIT) is increasingly being
used in European countries in patients with
allergic asthma or rhinoconjunctivitis. In a
placebo-controlled double-blind study on bee
venom SLIT in patients with a history of LLRs,
the diameter of LLR to a bee sting challenge
was reduced by more than 50% in 57% of
active treated patients (18). The authors
concluded that more information on SRs is
needed. However, on the basis of these find-
ings alone (a partial or complete treatment
failure in 43% of patients with LLRs) and
without experimental data on the pharmaco-
kinetics of venom SLIT, caution should be ex-
ercised when considering SLIT as a
therapeutic option for patients with severe
SRs (19). Intralymphatic administration of al-
lergen has recently been investigated in spe-
cific immunotherapy for grass pollen allergic
rhinitis (20). Compared with a 3-year course
of conventional subcutaneous immunother-
apy, intralymphatic administration enhanced
the safety and efficacy of immunotherapy and
reduced the treatment time from 3 years to
8 weeks (20). The therapeutic potential of
bee venom intralymphatic immunisation has

Table 2. Reducing side effects of VIT

Development of predictive tests
Defining the risk factors for SRs to VIT
Premedication

« Antihistamines

» Montelukast

» Omalizumab
Route of administration

« Sublingual

« Intralymphatic
Purified and depot extracts
Modified allergens

SR: systemic reaction
VIT: venom-specific immunotherapy

been investigated in sensitised mice using a
model of anaphylaxis (2 1). Intralymphatic ad-
ministration was associated with a much
stronger increase in Th1-dependant protect-
ing 1gG2a antibodies, leading the authors to
conclude that this approach could improve
both the efficacy and safety of VIT (21). Current
strategies to minimise the side effects asso-
ciated with VIT are summarised in Table 2.

Purified and depot extracts

In Europe, purified or non-purified aqueous
venom extracts are commercially available
for ultrarush, rush, clustered and mainte-
nance phases, with aluminium hydroxide ad-
sorbed (so called depot) preparations used
for the conventional up-dosing and mainte-
nance phases. Many European specialists
switch to depot preparations after up-dosing
(1, 10). In general, the frequency of side ef-
fects during a conventional dose increase
was lower in protocols that were carried out
with depot extracts than in those that used
aqueous extracts (7). Studies comparing pu-
rified aqueous extracts and depot prepara-
tions in VIT in honeybee and Vespid allergic
patients, using different protocols, demon-
strated that depot preparations were better
tolerated than purified aqueous extracts and
resulted in a lower frequency of LLRs and SRs
(22-24). The therapeutic efficacy to in-field
sting or sting challenge, however, was no dif-
ferent (22). A recent study compared the
safety and tolerability of VIT with purified ex-
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tracts and non-purified products in yellow
jacket and honeybee allergic patients. The in-
duction phase was carried out using a 2-7
day ultrarush protocol and results showed
that VIT with purified extracts resulted in a
significantly lower number of severe LLRs
compared with VIT using non-purified prepa-
rations (25). At present, compared with ther-
apy with an aqueous extract (both purified
and non-purified), VIT with a depot extract is
superior with respect to the frequency of oc-
currence of LLRs and SRs, and purified ex-
tracts appear to be safer than non-purified,
especially with respect to the frequency of
LLRs. Therefore, if protection by VIT is to be
achieved rapidly, the use of purified prepara-
tions is preferred for rush treatment with the
use of depot preparations for maintenance
therapy.

Conclusion

VIT is highly effective but can be associated
with side effects. However, only a few SRs in-
duced by VIT are severe, and the large ma-
jority of patients tolerate treatment without
any side effects. To limit the occurrence of SR
to VIT, it is necessary to improve our knowl-
edge of the risk factors. A number of prom-
ising new strategies that can improve efficacy
and limit the side effects of VIT have recently
been described and we eagerly await their
application in clinical practice.
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VENOM IMMUNOTHERAPY
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Venom immunotherapy (VIT) is a highly ef-
fective treatment for Hymenoptera venom al-
lergy that offers the majority of patients
protection against systemic reactions if re-
stung by the culprit insect (Table 1). A few
studies have reported that up to 30% of the
patients on VIT are not protected. However,
by increasing maintenance dose of venom to
200 g or more, nearly all patients can be
adequately protected against a subsequent
reaction (7). In the case of treatment failure,
there is a clear therapeutic consequence,
therefore the identification of unprotected
patients is important in order to optimise the
results of VIT. A further reason to assure the
efficacy of VIT is to provide the patient with

reassurance that they will be protected
against a subsequent severe reaction to a
sting and will feel more at ease while out-
doors.

It is desirable to have a test for the efficacy of
VIT that does not harm the patient. Currently,
the options for monitoring VIT include: skin
tests, in vitro tests, and sting-challenge tests.
Many in vitro parameters as well as skin test
reactivity change during the course of VIT;
however, similar to the pre-treatment situa-
tion, there is no in vitro parameter, which re-
liably indicates the clinical reactivity of a
sensitised patient. The relative advantages
and disadvantages of the different tests are
discussed below.

Table 1. Sting challenge in patients on immunotherapy with 100 pg of the respective venom

Reference n BV / VV Systemic reaction (%)
Golden, 1981 (1) 147 +/+ 2.7

Urbanek, 1985 (2) 66 66 /- 6.1/-

Przybilla, 1987 (3) 157 +/+ 20.4

Miiller, 1992 (4) 205 148 /57 23.0/88

Haeberli, 2003 (5) 161 104 /57 32.7/123

Ruéff, 2004 (6) 49 49/ - 16.3/-

BV, treatment with honeybee; VV, treatment with vespid venom
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Skin tests

A patient’s reactivity to a skin test declines
during VIT (4, 8-10). This effect may be at-
tributed to a factor present in the patient’s
serum; serum of patients on VIT is able to
neutralise skin reactions to wasp venom ex-
tracts in vivo (11). This ability to neutralise
skin test reactivity is correlated with the du-
ration of VIT as well as with the concentra-
tion of venom-specific 1IgG and 1gG4 (11).
However, a lower skin test reactivity com-
pared with pre-treatment reactivity in pa-
tients on VIT does not reliably indicate
protection at a re-sting.

In vitro tests

Venom-specific IgE increases at the start of
VIT and declines with continued treatment (6,
11, 12), whereas venom-specific 1gG in-
creases after several months to years and re-
mains high at least as long VIT is continued
(6, 11, 12). The ratio of venom-specific
IgE/I1gG4 first increases then later decreases
during VIT (11). Not only the serum concen-
tration but also the pattern of specific IgE and
IgG4 changes: on immunoblots, some bands
for single venom allergens may disappear or
decrease, and new 1gG4 antibodies can ap-
pear (13).

Cellular tests measure basophil activation
upon stimulation with venom. Reduced up-
requlation of the activation marker CD63
was apparent during VIT, and in 60% of pa-
tients who received VIT with vespid venom
the basophil activation test was negative
after three years (14). After rush VIT, venom
induced histamine and sulfidoleukotriene re-
lease are immediately reduced (15). These
effects were shown to be in part mediated by
IFN-gamma and IL-10 production (15). VIT
changes allergen-specific T-cell reactivity;
shortly after the start of VIT, IL-4 and IL-5
were decreased and secretion of IFN-gamma
from venom-stimulated T-cell cultures was
increased (12, 16). Recently, a small, but
continuous decrease in baseline tryptase
concentration over time was reported, which
correlated with the duration of VIT (17). This
decline may indicate a dampened mast cell
function or decline in mast cell burden.
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Several of these effects are interesting with
respect to immunologic events that occur
during VIT. Previously, some of these param-
eters (e.qg. venom-specific IgE) were also rec-
ommended as indicators for deciding when
to stop VIT (18). However, in a more recent
EAACI position paper, the results of skin and
in vitro tests for the prognosis of patients on
or after VIT played a more minor role (19).
This change in the interpretation of labora-
tory findings was a result of various studies
that examined the diagnostic value of labo-
ratory parameters in patients on VIT who un-
derwent diagnostic sting challenge or were
accidentally stung. The findings indicated that
all laboratory parameters were unsuccessful
in assessing the efficacy of VIT:

In vitro findings from 15 patients with and
52 patients without systemic adverse re-
action (SAR) at sting challenge were com-
pared (8). There was no difference between
both groups with respect to venom-specific
IgE. Moreover, the IgG/IgE ratio was higher
in patients with SAR at sting challenge.

17 subjects who tolerated a field sting showed
no difference in the pattern of venom-spe-
cific IgE and IgG4 compared with 14 patients
who continued to experience systemic re-
actions to stings despite VIT (20).
Venom-induced leukotriene release from
peripheral blood leukocytes was investi-
gated before VIT and after a tolerated field
sting; no reduction of leukotriene release
compared with pre-treatment values was
observed in 14 subjects (21).

No change in basophil CD63-expression
compared with pre-treatment values was
observed in 20 vespid venom-allergic pa-
tients who received VIT and who already
tolerated a sting challenge (22). However,
a basophil activation test showed a higher
reactivity in 14 patients who still reacted
to bee or wasp sting compared with 17 pa-
tients who tolerated field stings (20).

In 362 patients, there was no correlation
between systemic reaction at sting chal-
lenge and a lack of VIT-induced venom-spe-
cific IgG4 to major Hymenoptera allergens
(23).

Despite promising results, which suggest
that in vitro tests might have a role for mon-

.



itoring efficacy of VIT, studies including larger
numbers of patients in whom a sting chal-
lenge test was performed are required to
confirm these findings. Thus, despite the
availability of new laboratory techniques,
these still do not allow to predict the clinical
reactivity of patients on VIT.

Sting challenge test

Challenge tests aim to reveal the clinical re-
activity of an individual to defined allergen
exposure. Some aspects of the sting chal-
lenge test with insect venom differ from chal-
lenge tests with other allergens: (i) available
standardised venom extracts are not suitable
for sting challenge tests (24); (ii) incremen-
tal doses of venom cannot be applied; and
(iii) the exact dose injected by an insect sting
is not clear. There are also additional prob-
lems: during the warm season, it is not a
problem to obtain living honeybees for sting
challenge tests, however, this can be more
problematic for vespids. Correct identifica-
tion of the insects is also important, as the
species of vespid will influence the outcome
of the sting challenge test (25).

Before performing a sting challenge, a num-
ber of technical aspects and precautionary
measures must be considered. These have
been described elsewhere in detail (26),
however, the most important measures are
listed in Table 2. Sting challenge tests can
only be carried out in an environment where

Monitoring venom immunotherapy

the necessary trained personnel and equip-
ment for the treatment of anaphylactic reac-
tions are available (27). Nevertheless, it
should be borne in mind that over 50% of ac-
cidentally occurring fatal drug reactions take
place in operating theatres (28). Thus, de-
spite optimal conditions for patient manage-
ment, patients may die as a result of an
anaphylactic reaction. Patient selection is
therefore clearly important, and if the risk of
a severe reaction to a sting challenge is high,
the patient should first be treated with an in-
creased maintenance dose of venom before a
sting challenge. If this procedure is followed,
severe reactions are very rare. Amongst the
author’s own patients (n=1071) 1204 sting
challenge tests were evaluated between
1999 and 2007. Subjective- and objective-
systemic reactions occurred in 0.8% and
7.7% of the tests respectively. These were
severe (anaphylactic shock) in five patients,
and adrenaline treatment was necessary in
four of these cases, all patients recovered
without sequelae.

The prognostic reliability of a tolerated sting
challenge was close to 100% in a limited
number of repeatedly stung patients (2).
However, some patients who tolerate a sting
challenge may still experience a reaction to
a subsequent sting. Repeated sting chal-
lenges performed one year after a first toler-
ated sting indicated that 2 1% of patients had
a systemic reaction to the second sting ex-

Table 2. Practical performance of the sting challenge test (26)

« VIT tolerated

- If patient experienced a systemic reaction to a field sting - dose increase

- Patient disposed to intubation (fasting)
» No relevant current diseases

* No ACE inhibitors or beta-blockers*

« Written informed consent

« Intravenous line

« Monitoring time >2 hours or longer, depending on the patient’s history (preferably overnight)

« Emergency standby (personnel, equipment)

 Monitoring of all subjective or objective signs

* In patients who experience systemic reactions, immediate treatment of symptoms according
to the recommendations of the guidelines. Overnight surveillance in hospital after recovery

* There are no data supporting the hypotheses that beta-blockers can enhance the risk for sting reactions
in patients on VIT (30). However, for security reasons the withdrawal of beta-blockers (including eye drops)
before challenge tests is recommended.
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posure (29). Sting challenge tests are not
recommended for individuals who are not
being treated with VIT (26), and are also not
recommended as a routine diagnostic
method for patients who have stopped VIT,
as these stings might boost already de-
creased sensitisation or even re-sensitise the
patient. In conclusion, sting challenges in pa-
tients on maintenance VIT are recommended
to identify those who are not protected. A
sting challenge test is particularly important
in those patients who are at increased risk
due to intense exposure or due to their sus-
ceptibility to severe anaphylactic reactions.
Full protection against a severe reaction can
nearly always be achieved by increasing the
venom maintenance dose (7).
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VENOM IMMUNOTHERAPY
IN DIFFICULT-TO-TREAT PATIENTS

Patrizia Bonadonna
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In clinical practice the optimal conditions for
treating a patient with Hymenoptera venom
allergy rarely arise. In reality, many patients
are being treated with concomitant medica-
tions that can increase the risk of side effects
during venom immunotherapy (VIT) or may
suffer from a disease that contraindicates
VIT. In addition, risk factors, such as the age
of the patient can also play a role in the deci-
sion to treat a patient with VIT, and in the
success of the treatment. Here we discuss some
factors that can affect the outcome of VIT.

Mastocytosis

Mastocytosis is characterised by abnormal
proliferation and maturation of mast cells in
the skin, or in bone marrow, liver, spleen,
lymph nodes, or other tissues. Clinically this
can present as a wide variety of conditions,
ranging from asymptomatic indolent sys-
temic mastocytosis to the aggressive sys-
temic form of the disease. Accumulation of
mast cells is caused by mutations in the c-kit
gene, which codes for the stem cell factor re-
ceptor on the surface of mast cells. This mu-
tation causes the receptor activate in the
absence of ligand and leads to mast cell pro-
liferation (1). In adults with systemic masto-
cytosis, the predominant mutation is the
substitution of an asparagine for a valine
residue at position 816 (D816V) (1). Ac-
cording to the WHO classification, mastocy-
tosis can be sub-classified as: cutaneous

mastocytosis, when the disease is limited to
the skin; and systemic mastocytosis, when
mast cells infiltrate one or more extracuta-
neous organs. The most frequent type of cu-
taneous mastocytosis is urticaria pigmentosa
(2). Urticaria pigmentosa consists of multi-
ple pigmented lesions, typically less than 5
mm in diameter, however individual lesions
may be larger in children.

The diagnosis of systemic mastocytosis re-
quires satisfaction of both the major criteria
plus one minor criterion, or alternatively
three minor criteria. Major criteria are: mul-
tifocal dense infiltrates of mast cells in bone
marrow, or in other extra-cutaneous organs.
Minor criteria include: abnormal morphology
of extra-cutaneous mast cells; increased
serum tryptase level (>20 ng/mL); mutation
in the kit proto-oncogene at codon 816 inan
extra-cutaneous organ; and expression of
CD2 and/or CD25 on bone marrow mast
cells (2). The term monoclonal mast cell ac-
tivation syndrome, has been proposed for
subjects with unexplained recurrent anaphy-
laxis without skin lesions who only meet one
(excluding raised tryptase level) or two of the
minor criteria for systemic mastocytosis. Al-
though aggressive and malignant forms of
the disease occur, the most common form
associated with Hymenoptera allergy is indo-
lent systemic mastocytosis (3). This form can
be differentiated from severe forms of sys-
temic mastocytosis by a lack of evidence of
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an associated clonal haematological non-
mast cell disorder and lack of one organ dys-
function or lack of evidence of mast-cell
leukemia. In systemic mastocytosis most of
the clinical symptoms are due to release of
mast-cell mediators such as histamine and
tryptase. The mediator release in mastocy-
tosis can occur through a non-IgE mediated
mechanism and be triggered by: physical
stimuli, such as temperature change, pres-
sure or exercise, and selected medications,
including opioids, anesthetic agents, aspirin
and radio contrast media (4). These media-
tors affect the skin, causing pruritus and
flushing; the gastrointestinal tract, causing
nausea, abdominal pain/cramps, diarrhoea
and gastrointestinal ulcers; and the cardio-
vascular system, where they cause fatigue,
dizziness, palpitation, hypotension and in
some cases, anaphylactic shock. In addition
the release of mediators from mast cells can
lead to bone and soft tissue pain,
and neuropsychiatric symptoms, including
headaches, cognitive problems, and paraes-
thesia. Besides these mediator-induced
symptoms, certain clinical manifestations
can also be due to mast cell infiltration such
as: osteoporosis with pathological fractures,
cytopenia, hepatospenomegaly, malabsorp-
tion, limphadenopathy and other organ dys-
function. Elevated total serum tryptase level
is therefore highly indicative of mast cell de-
granulation as seen after systemic anaphy-
laxis. Baseline serum tryptase level
correlates with the total number mast cells
and is therefore increased in patients with
mastocytosis.

Mast cells can be also be activated by an IgE-
mediated reaction, such as occurs in hy-
menoptera venom allergy. Hymenoptera
venom allergy is the most common cause of
anaphylaxis in subjects with mastocytosis
(5). Subjects with systemic mastocytosis and
Hymenoptera venom allergy have an in-
creased risk of severe systemic reactions,
compared to subjects without systemic mas-
tocytosis. This has been described in several
case reports and small series studies of sub-
jects with Hymenoptera venom allergy (6-8).
The incidence of mastocytosis in the general
population is less than 1/100,000, but is
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significantly higher in patients with Hy-
menoptera venom allergy. Different studies,
using different diagnostic protocols have es-
timated this at between 1% and 5.8% (9-11).
The higher incidence of 5.8% observed in the
author’s own study could be explained by the
diagnostic protocol which involved bone mar-
row biopsy and aspiration, flow cytometric
analysis, c-kit mutation, and a cutoff value for
serum baseline total tryptase level of 11.4
ng/mL instead of the 20 ng/mL recom-
mended in the WHO guidelines. The diagnos-
tic work-up for systemic mastocytosis is
usually limited to patients with typical skin le-
sions, because cutaneous mastocytosis or
systemic mastocytosis with skin involvement
is believed to represent the majority of the
patients with Hymenoptera venom allergy. In-
stead, Gonzalez de Olano and collegues re-
ported that almost 20% of subjects with
Hymenoptera venom allergy and systemic
mastocytosis do not have skin involvement
(12).

The assessment of baseline serum tryptase
levels is an inexpensive, reliable and simple
screening test for mastocytosis in subjects
with a positive history of systemic reaction
to Hymenoptera stings. Moreover, it may be
useful to routinely measure serum tryptase
level in patients with Hymenoptera venom al-
lergy, especially in those without skin in-
volvement. A cut-off value of 1 1.4 ng/mL for
baseline serum tryptase concentration in-
creases the sensitivity for the diagnosis of
clonal mast cell disorders. It should also be
borne in mind that subjects who test nega-
tive for Hymenoptera venom allergy and ex-
perience anaphylaxis after wasp or bee
stings may have undiagnosed mastocytosis.

Immunotherapy

The treatment of choice in patients with Hy-
menoptera venom allergy is VIT, however, its
use in patients with systemic mastocytosis
remains controversial. Three recent studies
showed that VIT was not only well tolerated
by most patients with mastocytosis but also
protects most from further anaphylactic sting
reactions (8, 11, 12). Although most patients
with mastocytosis are protected by VIT, a mi-
nority may develop systemic allergic symp-
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toms after a re-sting. In this case it is rec-
ommended to increase the maintenance
dose to 200 pg and to continue VIT for life.
Although most patients with systemic mas-
tocytosis tolerate VIT without problems,
some may develop severe and recurrent side
effects from VIT that make it difficult to reach
the recommended maintenance dose of 100
pg. It is therefore recommended that pre-
medication with an antihistamine be given
during the dose-increase phase. A recent re-
port described successful prophylactic treat-
ment with omalizumab that enabled the
patient to reach the maintenance dose with-
out experiencing further side effects (13)

Other risk factors

Other risk factors also play a role in the out-
come of VIT. Fatality caused by anaphylactic
shock from Hymenoptera allergy is higher in
the elderly. This is in contrast to death due to
anaphylactic shock from food allergy, which
occurs mainly in younger atopic individuals
with bronchial asthma. This is likely due to
the fact that older people often have a pre-
existing cardiovascular disease that consti-
tutes a risk factor for fatal anaphylactic
reactions. During the anaphylactic reaction,
symptoms like arterial hypotension, cardio-
vascular collapse, arrhythmia or chest pain
may cause worsening of a pre-existing car-
diovascular disease. Elderly people are also
more likely to be on treatment with beta-
blockers. It is well known that immunother-
apy may cause anaphylactic side effects and
there have been reports of concomitant beta-
blockers aggravating an anaphylactic reac-
tion and complicating treatment. For this
reason beta-blockers are generally not rec-
ommended in patients with asthma and those
on allergen immunotherapy. However beta-
blockers are widely used in treatment of car-
diovascular diseases, such as coronary heart
disease, chronic heart failure and ventricular
arrhythmia and are extremely valuable and
difficult to replace. This raises the question of
what to do in these cases? A retrospective
analysis by Miiller and coworkers on patients
with cardiovascular diseases, with and with-
out beta-blockers, did not find a higher inci-
dence of systemic allergic reactions following

injections during VIT (14). In addition, the re-
actions that did occur were not more severe
than in the control group, and patients re-
ceiving beta-blockers were able to continue
VIT. Systemic reactions after re-exposure
during VIT were neither more frequent nor
more severe in patients treated with beta-
blockers. As a result, a position paper of hy-
menoptera venom allergy from the European
Academy of Allergy and Clinical Immunology
proposed that the contraindication for the
use of beta-blockers during VIT should not be
considered absolute (15).

Replacement of beta-blockers must be eval-
uated carefully in patients with Hymenoptera
venom allergy. For patients with a high de-
gree of sting exposure such as beekeepers,
farmers or gardeners and who have a cardio-
vascular disease, VIT could be started under
beta-blockers. Patients who take beta-block-
ers for hypertension without other cardiac
diseases, may have beta-blockers replaced
by other anti-hypertensives, such as calcium
antagonists, and/or diuretics. Finally, if a pa-
tient has only a marginal risk of a re-sting and
has a cardiovascular disease that requires
use of beta-blockers, the option to continue
treatment with beta-blockers, and not to per-
form VIT and supply emergency medications,
should be considered.

Angiotensin Converting Enzyme (ACE) in-
hibitors have been associated with severe al-
lergic reactions in individuals who were stung
or received VIT (16, 17). This it thought to
result from a decreased concentration of an-
giotensin Il further reducing the ability to
counteract vasodilation. ACE inhibitors also
interfere with the kallikrein-kinin system and
could result in an accumulation of bradikinin,
that promotes vasodilatation and increase
vascular permeability. Therefore, ACE in-
hibitor therapy should be avoided where pos-
sible, or temporarily discontinued prior to
each venom injection. However, in light of the
beneficial effects on mortality and morbidity
in diseases such as congestive heart failure
and renal disease, ACE inhibitor therapy may
be deemed necessary in a given patient. In
patients where ACE inhibitor therapy is nec-
essary and where VIT is indicated, temporary
discontinuation of the ACE inhibitor 24 hours
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before to venom injections has been sug-
gested. ACE inhibitors with active metabo-
lites that have prolonged terminal half-lives
(e.q. benazepril, quinapril, ramipril) may re-
quire discontinuation for longer time periods
prior to VIT injection. A recent review of a
population that included patients receiving
both VIT and ACE inhibitors did not find an in-
creased risk in these patients. Thirteen of 62
experienced a systemic reaction (SR) during
VIT, compared with thirteen of patients not
taking an ACE inhibitor (18). The authors
concluded that there was no association be-
tween the use of ACE inhibitors and increased
frequency of SRs to VIT. Nevertheless the
safety of ACE inhibitors use in patients re-
ceiving VIT requires further study.

In conclusion, several concomitant factors
can affect the tolerability and outcome of VIT.
These should be taken into account by the
physician and the use of prophylactic med-
ication, suspension of patients medication,
and modification of the VIT protocol should
be based on an individual benefit-to-risk as-
sessment for the patient.
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FUTURE STRATEGIES IN TREATMENT
OF INSECT VENOM ALLERGY

Ulrich R. Miiller

Allergiestation Medizinische, Klinik Ziegler Spital, Bern, Switzerland

Venom immunotherapy (VIT) is often cited as
the most efficient form of specific allergen
immunotherapy (1). Treatment is safe and
protects most patients with venom allergy
from further systemic allergic sting reactions.
Why then should we look for future strate-
gies? Here we present several aspects of VIT
where significant improvements in treatment
are possible and could be valuable.

Better selection of venoms for VIT

Specific IgE (sIgE) to both honeybee (BV) and
Vespula venom (VV) is frequently observed
in allergic subjects, despite limited cross-re-
activity between the major protein allergens
of the two venoms (50% sequence identity
of the hyaluronidase) (2). This is especially
true in countries with more BV than VV aller-
gic patients, where more than 50% of pa-
tients with a history of systemic sting
reactions have positive serum slgE antibod-
ies to both venoms. Most of the cross-reac-
tivity is due to crossreacting carbohydrate
determinants (CCDs) and is largely clinically
insignificant (3). In a recent study that in-
cluded 200 patients with a history of either
honeybee or Vespula sting reactions, double
positivity of sIgE was observed in 59% of pa-
tients (4). Immunotherapy using recombinant
non-glycosylated major allergens, phospho-
lipase A2 for BV (sIgE present in 99% of
whole BV positive BV allergic pts) and anti-

gen 5 for VV (sIgE present in 96% of whole
VV positive VV allergic pts), reduced the fre-
guency of double positivity to 17%. This ap-
proach will reduce the number of patients
who need to undergo VIT with both venoms
and thus significantly lower the cost of treat-
ment.

Fewer injections

during the maintenance phase

After reaching a maintenance dose of 100
Mg, most patients are protected from a sys-
temic reaction to a subsequent sting. Ac-
cording to European clinical quidelines
further injections of the maintenance dose
are recommended every four weeks during
the first year of treatment, and every six
weeks in subsequent years (5). Studies were
carried out to investigate the effects of in-
creasing the maintenance dose interval from
the second year onward, these studies re-
ported no difference with an interval of three
months and reduced efficacy only when the
interval was increased to six months (6, 7). It
is possible, however, that the number of pa-
tients studied may have been too small to
show up minor differences between the treat-
ment schedules. It should be borne in mind
that among beekeepers, those with less than
ten stings a year are those who most often
develop systemic allergic reactions (8).
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Modification of allergens

to increase efficacy and safety of VIT
Both the efficacy and safety of VIT are not as
good as is often claimed, especially with bee
venom, where 10 to 20% of treated patients
develop some, mostly mild, systemic allergic
symptoms when re-stung during im-
munotherapy, and 20 to 30% develop sys-
temic allergic side effects, especially during
rush and ultrarush protocols for dose in-
crease (5). For this reason, various modified
BV allergens, which showed diminished IgE
binding but retained T-cell stimulating
capacities were studied. Both mPEG
(monomethoxypolyethylenglycol) - coupled
BV and T-cell epitope peptides of the major
BV allergen phospholipase A2 (PLA/Apim 1)
showed strongly reduced IgE binding and
were well tolerated during up-dosing. How-
ever, clinical efficacy, defined by the reaction
to a sting challenge, was reduced (9,10). A
chimeric protein containing six pieces of the
three BV allergens PLA (Api m 1),
hyaluronidase (Api m 2) and melittin (Api m
4), covering the whole peptide sequence of
the three allergens, has been characterised
in vitro (Fig. 1). The protein showed strongly
reduced binding to IgE but maintained T-cell
stimulating activity (11). However, the pro-
tein has not yet been studied clinically.

Modification of application route for VIT
Recently, sublingual immunotherapy (SLIT)
has also been proposed for the treatment of
venom allergy. In a placebo-controlled dou-
ble-blind study on SLIT with BV, 26 patients
with a history of large local reactions to hon-
eybee stings and positive diagnostic tests for
BV IgE were treated with SLIT using either BV
or placebo (12). After six months, a signifi-
cant reduction in the mean diameter of the
local reaction to a bee sting challenge was
observed in the venom, but not the placebo
group. However, data on the preparation of
the BV sac extract and on any side effects of
the treatment were not given. From a theo-
retical basis SLIT for venom allergy does not
appear to be a practical approach for two
reasons: First, besides protein allergens, Hy-
menoptera venom contains a number of
strongly cytotoxic peptides, some of them,
like melittin, also have the capacity to bind
IgE and cause heavy irritation of mucosal
membranes. In order to use these venoms for
SLIT it would first be necessary to remove
these lower molecular weight peptides. This
could reduce the effectiveness of the therapy
as these peptides are also allergens. Second,
venom allergy, in contrast to hay fever and
asthma, is mediated via the skin and not mu-
cosal membranes.
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Another group of researchers has proposed
intralymphatic allergen administration for
specific immunotherapy (13). In a controlled
open label study 76 patients with seasonal
allergic rhinitis to grass pollen were either
treated by conventional subcutaneous im-
munotherapy (37 patients) over three years
or by three injections in inguinal lymphnodes
over two months (39 patients). The groups
were compared repeatedly during the three-
year study period using nasal provocation
tests, symptom scores, skin tests and meas-
ures of specific IgE. While the long-term re-
sults were comparable between the groups,
a decrease in the symptom score and nasal
sensitivity occurred more rapidly in the group
with intralymphatic administration. The intra-

W
)

lymphatic administration group also experi-
enced fewer side effects (Fig. 2).

The same researchers compared intralym-
phatic and subcutaneous application of BV-
PLA for treatment of PLA-induced
anaphylaxis in a mouse model (14). Intra-
lymphatic administration was associated with
a much stronger increase in Th1-dependant
protecting 1gG2a antibodies. The authors
concluded that intralymphatic application
could be safer and more efficient than con-
ventional VIT and would enable a significant
reduction in the number of injections. Simi-
lar studies in humans, including clinical pa-
rameters and sting challenges, are needed to
assess the effectiveness of this route of al-
lergen administration.
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Fig. 2. Results from a randomised controlled trial of intralymphatic allergen administration. Reproduced
from Senti G, Prinz Vavricka BM, Erdmann |, et al. Intralymphatic allergen administration renders specific
immunotherapy faster and safer: a randomized controlled study. PNAS 2008;105:17908-17912, with
permission from the National Academy of Sciences, USA.
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MECHANISMS OF EARLY
AND LONG TERM PROTECTION PROVIDED
BY VENOM IMMUNOTHERAPY (VIT)
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Venom immunotherapy (VIT) provides the
only efficient protection against anaphylaxis
in individuals with a high risk of a systemic
reaction to an insect sting. VIT can restore
normal immunity against allergens and provide
patients with a lifetime tolerance to venom.
Distinct mechanisms, involving specific cell
populations, play a role in the different
phases of allergen-specific immunotherapy
(allergen-SIT) and are already activated after
the initial exposure to the antigen (Fig. 1). T
requlatory (Treg) cells are known to be in-
volved in preventing sensitisation to aller-
gens which has raised the question of
whether therapies that target Treg cells could
improve the efficacy of VIT.

Allergen-specific T cell response

in non-allergic healthy individuals

Studies of the T cell response to allergens in
healthy individuals have demonstrated re-
sponses that range widely from no detectable
response to the involvement of active
processes of systemic tolerance mediated by
different subsets of Treq cells. In cultures of
peripheral blood mononuclear cell (PBMC)
from the majority of healthy individuals, T
cells do not show any proliferative response
to allergens, which is possibly due to the
presence of a low number of specific T cells
following a lack of exposure to the allergen.
If a detectable allergen-specific T cell re-
sponse does occur, in cultures from a healthy

non-allergic individual, there is suppression
of the response by Tr1 or CD4+FoxP3+ Treg
cells (1-4).

The importance of Foxp3 in suppression of
allergy was highlighted by the discovery of
the X-linked syndrome of immune dysreqgula-
tion, polyendocrinopathy and enteropathy
(IPEX) (5, 6). IPEX patients spontaneously
develop various allergic and autoimmune
phenotypes and their CD4+CD25+ Treqg cells
are non-functional, indicating the existence
of a population of dedicated suppressor cells.
One patient with clinical manifestations of
IPEX but normal FOXP3 gene function has
been described. This patient had CD25 defi-
ciency due to autosomal recessive mutations
in this gene, thus CD25 deficiency results in
an IPEX-like syndrome and suggests that
FOXP3 is not required for normal IL-10 ex-
pression by human CD4 lymphocytes,
whereas CD25 expression is (7). The rele-
vance of the immune suppressive function of
CD4+CD25+FOXP3+ Treg cells in human al-
lergies has been investigated. Impaired skin
infiltration of CD4+CD25+FOXP3+ Treqg cells
was observed in acute atopic dermatitis le-
sions (8) and FOXP3 mRNA expression was
significantly increased in asthmatic patients
receiving glucocorticoid treatment (9). Sim-
ilarly, in patients with chronic rhinosinusitis
with nasal polyps, decreased FOXP3 expres-
sion and a downregulation of TGF-b 1 was ob-
served when compared with controls and
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chronic rhinosinusitis patients without nasal
polyps (10). Consistent with these human
observations, in a murine model of chronic
asthma, there is accumulation of FoxP3+
Treg cells in local draining lymph nodes of the
lung that correlates with spontaneous reso-
lution of the condition (11).

In atopic dermatitis, CD4+CD25hiFoxP3+
Treq cells expressing cutaneous lymphocyte-
associated antigen were increased, and as-
sociated with increased disease severity
(12). Two subtypes of CD25hi Treg cells were
identified on the basis of differential expres-
sion of the chemokine receptor CCR6. De-
spite a requlatory phenotype, activated
CD25hi T cells that lack expression of CCR6
were found to promote Th2 responses (12)
and increased during pollen season in allergic
children (13). However, whether these
CD4+CD25hi Treg cells directly contribute to
inflammation, or their increased levels keep
the inflammation at low levels remains un-
clear. Levels of circulating allergen-specific
CD4+CD25hiFoxp3+ Treg cells do not show
a major difference between non-atopic and
atopic individuals (14). It was demonstrated
that FOXP3 expression shows a negative
correlation with IgE, eosinophilia and IFN-g
levels, and FOXP3+/CD4+ ratio is signifi-
cantly lowered in asthma and atopic der-
matitis (15). Other studies have reported
that numbers of CD4+CD25+ Treqg cells are
higher in non-allergic individuals (16, 17).

In non-allergic, healthy beekeepers, the anti-
gen-specific peripheral T cell tolerance is
modified during the beekeeping season. Th1
and Th2 cells show clonality and switch to-
ward IL-10-secreting Tr1 cells, resulting in
diminished T cell-related cutaneous late-
phase responses in parallel with suppressed
allergen-specific T cell proliferation and Th1
and Th2 cytokine secretion (4). This requla-
tion is present as long as venom exposure
persists and returns to initial levels two to
three months after stings occur. In the same
model, the upregulation of histamine recep-
tor (HR) 2 on specific Th2 cells suppresses
allergen-stimulated T cells and increases IL-
10 production (4).
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Using allergen-specific CD4+ Treg cells that
resemble Th1-, Th2- and Tr1-like cells and
are IFN-g-, IL-4- and IL- 10-secreting respec-
tively, it was shown that both healthy and al-
lergic individuals exhibit all three subsets but
in different proportions. In healthy individu-
als who show detectable 1gG antibodies
against allergens, Tr1 cells represent the
dominant subset for common environmental
allergens and utilise IL-10, TGF-beta, CTLA-4
and PD1 as suppressor molecules (2, 4). In
contrast, allergic individuals have high num-
bers of allergen-specific IL-4-secreting T
cells. Thus, the relative proportions of effec-
tor Th2 cells or Tr1 cells are decisive in the
development of allergy or a healthy immune
response (2).

Human CD4+Th1 cells predominantly ex-
press HR1, whereas CD4+Th2 cells express
HR2, which results in differential histamine
signalling (18). Histamine induces the pro-
duction of IL-10 by dendritic cells (19), the
production of IL-10 by Th2 cells (4, 20), and
enhances the suppressive activity of TGF-
beta on T cells (21). All of these effects are
mediated by HR2, which is relatively highly
expressed on Th2 cells and additionally me-
diates suppression of IL-4 and IL- 13 produc-
tion and T cell proliferation (4, 18). These
findings suggest that HR2 may play a role in
peripheral tolerance to allergens.

hours
days weeks months years

1O N E | §rnnnnnnnnnnta
|

1. Basophil, mast cell desensitisation,
early events related to APC (DC, B cell),
effect of adjuvants

2. Regulation of T cells and
related phenomena

3. Regulation of B cells, antibodies and
related phenomena

Fig. 1. Mechanisms of allergen-SIT involving dif-
ferent cell types are activated from the first expo-
sure to antigen.
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Immune response
during allergen-specific immunotherapy

T-cell responses: The induction of a tolerant
state in peripheral T cells represents an es-
sential step in allergen-SIT. Peripheral T cell
tolerance is characterised mainly by genera-
tion of allergen-specific Treg cells with sup-
pressed proliferative and cytokine responses
against the major allergen (22). This is initi-
ated by autocrine action of IL-10 and TGF-
beta, which are increasingly produced by the
antigen-specific Tr1 cells (1, 23, 24) and
these effects can be partially blocked by neu-
tralising antibodies against secreted or mem-
brane-bound IL- 10 and TGF-beta. These cells
express CD4 and CD25, which raises the
question as to whether these are inducible
Tr1 cells with upregulated CD25, or naturally
occurring CD4+CD25+ Treg cells that pro-
duce suppressive cytokines (25). There is
some evidence in adults of overlapping pop-
ulations of circulating CD4+CD25+ Treg cells
and IL-10- and TGF-beta-secreting Tr1 cells
and it has been shown that CD4+CD25+
Treg cells from atopic donors have a reduced
capability to suppress the proliferation of
CD4+CD25- Treg cells following allergen-SIT
(1,3).

It has been suggested that upreqgulation of
CD4+CD25+ Treg cells may play an impor-
tant role in allergen-SIT. Recently, it was
shown that grass pollen immunotherapy in-
creased the expression of mucosal and pe-
ripheral T cell IL-10 and TGF-beta (26, 27).
Increased numbers of CD25+FOXP3+ Treg
cells in the nasal mucosa after immunother-
apy, suggests that Treg cells play a role in the
induction of allergen-specific tolerance in hu-
mans (28). Moreover, their increased num-
bers correlated with clinical efficacy and
suppression of seasonal allergic inflamma-
tion (28).

The findings from studies of sublingual-SIT
(SLIT) are generally similar to injection-SIT
although, a few studies failed to detect any
immunological changes (29, 30). In a recent
study, higher numbers of circulating
CD4+CD25+ Treg cells with increased ex-

pression of FoxP3 and IL-10 and reduced ex-
pression of IL-4 and IFN-g mRNA were de-
tected after 4 weeks of sublingual-SIT (31).
Proliferation was markedly reduced, but in-
creased significantly after depletion of
CD25+ cells or addition of anti-IL-10 anti-
bodies. Neither TGF-beta levels nor cell-to-
cell contact-mediated suppression of
CD4+CD25+ Treg cells changed during the
course of SLIT. Improvements in current un-
derstanding of the mechanisms of allergen-
SIT, particularly the role of Treg cells in
peripheral tolerance, open up possibilities for
novel treatment strategies.

Immunoglobulin responses: The allergen-
specific antibody response in non-allergic in-
dividuals ranges from undetectable levels of
antibodies to relatively high amounts of spe-
cific 1IgG4, IgG1 and IgA in the absence or
presence of low amounts of specific IgE
(sIgE) (1, 32). The lack of efficient antigen
presentation (due to exposure in small doses)
may be responsible for an absence of re-
sponse. Low exposure due to lack of accessi-
bility and/or brief persistence of the
allergens in secondary lymphoid organs has
been demonstrated in mouse models (33);
however, in humans, a single bee sting can
induce IgE and 1gG, and very small doses of T
cell epitope peptides injected into skin can
initiate allergic reactions (34-36). A single
honeybee sting injects approximately 50-
140 pg of venom containing 5-15 ug of the
major allergen phospholipase A2 and is suffi-
cient to induce IgE or IgG production against
phospholipase A2 (36). The protein content
of wasp venom is 10-20 times lower than
that of honeybee venom (1.7-3.1 pg), never-
theless, a single sting is sufficient to induce
IgE or IgG type antibodies against allergic
components that are less than 10% of the
protein content (36). Thus, 0.1-0.3 g of al-
lergen directly injected into the skin is suffi-
cient to initiate an antibody response.
However, it should be noted here that the im-
mune response does not only depend on the
allergen dose. Other molecules present in the
venom, such as hyaluronidase, may exert ad-
juvant effects and affect the diffusion of the
venom (37).
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Interestingly, non-allergic beekeepers have a
ratio of 1gG4 to IgE that is approximately
1000 times higher than allergic individuals
(38). In beekeepers, bee venom-specific
IgG4 correlates with the number of annual
stings and to the number of years spent in
beekeeping. High exposure appears to induce
clinical tolerance; 45% of beekeepers who
were stung less than 25 times a year had a
history of systemic allergic reactions to bee
venom, whereas those with more than 200
stings per year did not have any allergy (36).

IgG4 has unique structural and functional
features compared to other IgGs. Its heavy
chains may exchange in a way that leads to
functional monomeric antibodies, it has low
affinity for certain Fcg receptors, and it does
not activate complement (39). IgG4 antibod-
ies exchange Fab arms by swapping a heavy
chain and attached light chain (half-molecule)
with a heavy-light chain pair from another
molecule, resulting in bispecific antibodies
that are capable of inhibiting immune com-
plex formation by other isotypes (40). Thus,
they may play an anti-inflammatory role in
immunity.

Although peripheral tolerance has been
demonstrated in specific T cells, the ability of
B cells to produce sIgE antibodies is not elim-
inated during allergen-SIT (22). Allergen-SIT
frequently induces a transient increase in
serum specific IgE, followed by gradual de-
crease over months or years of treatment
(41, 42) and prevents elevation of the serum
slgE during the pollen season in sensitive pa-
tients (43). Serum levels of sIgE and 1G4 an-
tibodies increase during the early phase of
allergen-SIT. The increase in antigen-specific
IgG4 is more striking and therefore the ratio
of sIgE to 1gG4 significantly decreases be-
tween 6 months and three years of treat-
ment. A similar change in specific isotype
ratio has been observed in SIT of various al-
lergies (22, 26). Moreover, IL-10 produced
and progressively secreted during allergen-SIT,
appears to counter-requlate synthesis of
antigen-specific IgE and IgG4 antibodies. IL-
10 potently suppresses both total and allergen-
specific IgE, and simultaneously increases

84

IgG4 production (23, 44). Therefore, IL-10
not only generates T cell tolerance, it also
requlates specific isotype formation and
skews the slgE response towards an 1gG4
dominated phenotype.

Direct influence of Tr1 and Foxp3+ Treg cells
on B cells and the induction of 1IgG4 and sup-
pression of IgE has been demonstrated in cell
cultures of peripheral blood cells of healthy
individuals (45). In a mouse model of food al-
lergy, antigen-specific secretory IgA anti-
bodies in the gut were decreased, suggesting
a role for secretory IgA in peripheral toler-
ance to foods. Peyer’s patch CD3 1 cells were
primarily involved and favoured IgA produc-
tion through the release of IL-10 and TGF-beta.
Low production of IL-10 in Peyer’s patches
favoured the symptoms of food allergy (46).
There is increasing evidence that allergen-
SIT also influences the blocking activity of
IgG4 on IgE-mediated responses. A cellular
assay that detects allergen-IgE binding using
flow cytometry, has been used to detect
‘functional’ specific immunotherapy-induced
changes in IgG antibody activity. Results sug-
gest that successful specific immunotherapy
is associated with an increase in IgG block-
ing activity that is not solely dependent on
the quantity of 1gG antibodies (47). Thus, it
seems to be relevant to measure the blocking
activity of allergen-specific 19G or IgG sub-
sets, particularly 19G4 and also IgG1 rather
than crude 1gG levels in sera.

In the context of these findings, the safety
and efficacy of anti-IgE treatment in the in-
duction phase of allergen-SIT needs to be re-
viewed. Anti-IgE mAb pretreatment enhances
the safety of SIT for allergic rhinitis and may
be an effective strategy to permit more rapid
and higher doses of allergen immunotherapy
(48, 49). However, its effects on the long-
term efficacy of SIT are still under investiga-
tion.
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In vitro measurement of venom-specific IgE
(slgE) is a conventional test that is usually
used in addition to skin testing, and, in some
centers, may even be used as the primary di-
agnostic approach. The presence of IgE anti-
bodies may be demonstrated directly, by
measuring circulating IgE in the serum, or in-
directly, by cellular tests that either measure
the release of IgE-dependent mediator from
blood cells or allergen-specific up-requlation
of surface markers on sensitised basophils.

Measurement of venom-specific IgE

Measurement of venom-sigE) is routinely
carried out by fully-automated commercially
available systems, often collectively termed
RAST (radio-allergo-sorbent test). Allergens
are coupled to a (semi)-solid phase and
bound serum IgE is detected by fluores-
cent/chemiluminescent enzyme- or formerly
radio-labeled anti-IgE (e.g. ImmunoCAP*, Im-
mulite 2000°, HYTEC"). Alternatively, sIgE is
bound by anti-IgE on the surface of a test
well, and then incubated with labelled aller-
gens (e.g. ADVIA Centaur®). Tests using
whole venoms are available for most relevant
Hymenoptera, including honeybee, Vespula
(usually a mix of European and American
species), Dolichovespula (only American
species available), European hornet (Vespa),
paper wasp (for European patients Polistes
dominulus should be used instead of Ameri-
can mix), bumblebee (Bombus terrestris) and

fire ant (Solenopsis, whole-body extract).
Tests based on single recombinant venom al-
lergens are currently coming onto the mar-
ket. Some test systems also offer the
possibility to measure allergen-specific
19gG/1gG4 antibodies.

The specificity of slgE measurements contin-
ues to be debated: depending on the meth-
ods and venoms used, the specificity of sIgE
detection was found to range between 60%
and 94% (1, 2). Manufacturers’ claims for
sensitivity and specificity should be viewed
with caution as these are frequently meas-
ured under optimal conditions and control
subjects with high tIgE levels, positive skin
tests, and atopic disposition are generally
ruled out in order to obtain optimum speci-
ficities.

In routine practice, co-sensitisation to multi-
ple allergens, due to in vitro cross-reactions,
makes it difficult for the clinician to make an
unequivocal diagnosis. In Hymenoptera al-
lergy, cross-reactions due to CCDs that result
in double-positive test results for honeybee
and yellow jacket venom have been fre-
quently described (3, 4). The frequency of
double-positive test results ranges from
10% (Phadebas® RAST) to 30% (Immuno-
CAP®) (5). Some double-positive results may
be explained by clinically irrelevant cross-re-
activity in vitro: during the IgE assay, sIgE an-
tibodies are free and can easily bind to all
available epitopes. This binding is monova-
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lent and each IgE molecule bound to one gen-
uine or cross-reacting epitope generates a
signal in the assay well. This is not the case in
vivo, where the allergic response requires ef-
ficient cross-linking of at least two high-affin-
ity IgE receptors on basophils or mast cells
(bivalent interaction) in order to induce cell
activation and mediator release.

Western blotting is another technique that
enables the simultaneous determination of
IgE specificities for different venom compo-
nents. Proteins loaded on a polyacrylamide
gel are separated by electrophoresis (SDS-
PAGE) according to their molecular weight
and subsequently blotted to nitrocellulose or
polyvinylidene fluoride membranes. After in-
cubation of single membrane strips with pa-
tients’ sera, bound IgE is detected by
enzyme- or radio-labelled anti-IgE. Ready-to-
use test strips with pre-separated allergens
were commercially available until recently but
have been discontinued (AlaBLOT").

IgE inhibition test

Inhibition experiments are useful in identify-
ing the primary venom in patients with reac-
tivity to two or more venoms where the
identity of the stinging insect is unknown. In-
hibition experiments have been successfully
used to resolve diagnostic problems, such as
honeybee-Vespula, Vespula-Polistes, and
Vespula-Vespa double-positivity (4, 6-9).
The IgE inhibition technique is relatively sim-
ple and can be carried out routinely in clinical
practice. The classical reciprocal IgE inhibi-
tion technique employed the respective venoms
as inhibitors, however, it was subsequently
demonstrated that inclusion of a suitable
plant glycoprotein (e.g. bromelain, or grass
pollen extracts), as an inhibitor of cross-re-
active carbohydrate determinants (CCD),
could enable discrimination between protein-
and carbohydrate-based cross-reactivity (3,
6). Due to the higher amounts of CCD in hon-
eybee venom as compared to vespid venoms,
Vespula venom may be a poor inhibitor of
honeybee CCD in sera with high anti-CCD IgE
levels, thus potentially leading to over-diag-
nosis of true double sensitisation.

A sample protocol for a reciprocal IgE inhibi-
tion test in a honeybee-Vespula double-pos-
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itive patient is shown below:
1. Four aliquots of the patient’s serum are
mixed with equal volumes of bee venom,
Vespula venom, CCD inhibitor, and buffer
(negative control) respectively and incu-
bated for 2-4 h at room temperature or
overnight at 4°C. Increasing concentrations
of inhibitor proteins may be used to obtain
dose-response curves, however, a single
final inhibitor concentration of approx. 100
pg/mlis sufficient for routine work (3, 6-8).
This may be achieved by mixing e.g. 100 pl
serum with 50 pl of a venom stock solution
with a protein concentration of 300 pg/ml.
In case of very high sIgE levels, pre-dilution
of serum may be required.
2. After incubation, sIgE measurement is
performed on all venom samples (8 tests in
total). By comparing the score from the
non-inhibited control sample with those
from the inhibited samples, the degree of
inhibition may be calculated for each in-
hibitor using the formula [100 - (score in-
hibited sample / score negative control) *
100]. There is currently no general con-
sensus on the definition of what defines full
and partial cross-inhibition. According to
Straumann et al. (6), full cross-reactivity
occurs if inhibition by the heterologous
venom reaches at least 85% of the inhibi-
tion achieved with the homologous venom
(autoinhibition). Inhibition values below
20% are usually considered to be non-spe-
cific.
While sIgE inhibition has the potential to dis-
criminate between cross-reactivity and true
double sensitisation, and often enables iden-
tification of the primary venom, results in
everyday practice are not always unequivo-
cal and conclusive, and inhibition in sera with
very low levels of venom-sIgE is often unreli-
able. While sIgE inhibition involves additional
workload and expenses, some of the cost
may be recovered by avoiding unnecessary
double immunotherapy (6).

IgE inhibition test - case reports

Here we present two cases demonstrating
the use of sIgE inhibition in patients with mul-
tiple positive venom-sIgE results obtained by
ImmunoCAP":



Case 1 (Fig. 1): Patient had a systemic re-
action after sting from unknown insect. Im-
munoCAP* results were: double-positive to
honeybee (5.2 kU/L) and Vespula (18.8
kU/L), bromelain (CCD) 5.6 kU/L.

Interpretation: Primary Vespula venom al-
lergy. IgE-binding to Vespula venom is only
inhibited by Vespulaitself. IgE reactivity with
honeybee venom is entirely due to CCD and
thus may be considered clinically irrelevant.
Failure to include a CCD inhibitor would have
led to the wrong diagnosis of true double-
sensitisation, indicating VIT with two venomes.

Case 2 (Fig. 2): Patient had a systemic re-
action after a sting by a European hornet.
Routine ImmunoCAP® results were: Vespula

In vitro tests

12.6 kU/L, Vespa 12.5 kU/L, honeybee 5.6
kU/L, bromelain (CCD) 0.6 1 kU/L.

Interpretation: IgE-binding to Vespa venom
is inhibited equally by Vespa and Vespula
venom whereas binding to Vespula venom is
not inhibited completely by Vespa venom.
This indicates a primary sensitisation to
Vespula venom and cross-reactivity with
Vespa venom. In addition, protein-specific
cross-sensitisation to honeybee venom is
present (it is currently not known
whether this was due to the high se-
guence identity between hyaluronidases or
other cross-reactive allergens). CCD do not
play a significant role in cross-reactivity de-
spite a slightly positive bromelain slgE
result.
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Fig. 1. IgE inhibition test in a double-positive patient with an allergic reaction after a sting from an unknown
insect. Bars represent percent IgE binding to honeybee venom (left) and Vespula venom (right), respectively,
after inhibition with different inhibitors in relation to the non-inhibited serum.
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Fig. 2. Identification of the primary venom in a patient with an allergic reaction after a European hornet
(Vespa crabro) sting by IgE inhibition test. Bars represent percent IgE-binding to honeybee venom (left),
Vespula venom (middle), and Vespa venom (right), respectively, after inhibition with different inhibitors in

relation to the non-inhibited serum.
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Basophil activation test (BAT) and
clinical relevance of venom-specific IgE
Compared with serum IgE detection, cellular
tests like the basophil activation test (BAT)
offer the advantage of being able to demon-
strate functional responses, as positive test
results only occur after successful cross-link-
ing. Currently, BAT with CD63 is the best
clinically-validated test, while BAT based on
CD203c still requires further development.
In contrast to the BAT, which is now gener-
ally accepted as an additional and reliable di-
agnostic tool in Hymenoptera allergy, other
in vitro tests, such as histamine and
leukotriene release tests have practical and
technical shortcomings and therefore re-
stricted clinical application.

A common problem with the current diag-
nostic tools is that, generally, test results do
not correlate with the severity of the sting re-
action and no test provides information on
the clinical relevance of the sensitisation,
making it impossible to predict future reac-
tions and their severity (10). Recently, we reported
that asymptomatic sensitisation in subjects
without a previous sting reaction depended
on the levels of total IgE (tIgE). Up to 66.7%
of subjects with elevated tIgE had detectable
slgE to Hymenoptera venom (Fig. 3) (11).
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Fig. 3. The frequency of asymptomatic sensitisa-
tion to honeybee (i1) and/or vespid venom (i3) is
dependent on the total serum IgE level.

As it remained unclear whether these sensi-
tisations were relevant, we performed sting
challenges in 94 asymptomatically sensi-
tised subjects in a follow-up study: only 6
(4.6%) systemic sting reactions occurred in
131 sting challenges, which confirmed our
hypothesis that most of these sensitisations
are not clinically relevant. In a comparison of
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the different diagnostic tools, the BAT corre-
lated best with the outcome of sting chal-
lenges. Comparing three different methods to
detect serum IgE (ImmunoCAP°, Immulite
2000°, and ADVIA Centaur®), BAT gave the
lowest frequency of double-positive results
and correlated best with patient’s history (Fig. 4).
As the ADVIA system has recently been with-
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Fig. 4. Frequency of double sensitisation to hon-
eybee (i1) and vespid venom (i3) in different sIgE
detection systems.

drawn from the market, the BAT remains as
only in vitro method, which is able to dis-
criminate between asymptomatic and clini-
cally relevant sensitisation. BAT is now
generally accepted as a useful additional tool
in the diagnosis of Hymenoptera allergy.
However, whether the BAT is able to monitor
the efficacy of Hymenoptera venom im-
munotherapy and whether it is helpful in pa-
tients with negative skin tests and negative
sIgE requires further investigation.
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Choice of venom for immunotherapy

One of the most difficult tasks in treating Hy-
menoptera venom allergy is the choice of
venom for immunotherapy. Figures from the
San Giovanni di Dio hospital in Florence indi-
cate that in 59% of cases the patient is not
able to identify the stinging insect. The time
of year and the events surrounding the sting
can sometimes give clues to the identity of
the insect. Stings that occur while eating out-
side are usually caused by Vespula while
stings on the feet while walking barefoot are
more likely to be caused by bees. The pres-
ence of the stinger in the skin indicates the
stinging insect was a bee, and in some cases
the size of the insect may give a clue to its
identity, as is the case with Vespa crabro (1,
2). To compound the problem of identifica-
tion, our figures show that in 59% of venom
allergy cases, skin tests were positive for
more than one venom. Therefore, if the
physician is unable to identify the stinging in-
sect the patient must be treated with all the
venoms that give a positive skin test.

The most frequent multiple reactivity seenin
patients at the San Giovanni di Dio hospital
in Florence is to venoms of the Vespids:
Vespula spp., Polistes dominulus, and Vespa
crabro. These insects cause the majority of
stings in Italy and are responsible for multiple
reactivity in around 50% of patients with
multiple positive skin tests (Fig. 1). Before
starting immunotherapy, the physician must

distinguish between multiple reactivity re-
sulting from stings by different insects (mul-
tiple sensitisation), and sensitisation to one
venom (the primary venom) with multiple re-
activity caused by cross-reactivity (2). Cross-
reactivity may be caused by individual
cross-reacting allergens in both venoms, e.g.
hyaluronidase (which has approximately
50% sequence identity) or cross-reacting
carbohydrate determinants (CCDs).

The specific IgE (sIgE)-inhibition test is one
method for diagnosis and choice of venom
for immunotherapy in patients with multiple
reactivity unable to reliably identify the sting-
ing insect. slgE-inhibition is performed by
mixing the patient’s serum with different con-
centrations of venom before performing the
slgE measurement (e.g., ImmunoCAP* test)
(7). First, the homologous inhibition is tested
to determine if the sIgE test is inhibited by
previous adsorption with the same venom.
Inhibition never reaches 100%, and figures
higher than 90% are acceptable. Reciprocal
inhibition is then tested to determine if the
sIgE test is inhibited by previous adsorption
with another venom and vice versa. In a study
of 45 patients with non-discriminative
skin/sIgE (ImmunoCAP"®) positivity to both
Vespula and Polistes venoms, Caruso and
colleagues demonstrated that the venom of
Polistes  dominulus effectively bound
Vespula-specific IgE in 56% of cases, and
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Skin tests results in 1190 patients with multiple reactivity
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Fig. 1: Percentage of multiple reactivity in skin tests results.

vice versain 13% of cases (7). Thus, in 31 of
the 45 patients, the multiple reactivity to
venoms was the result of cross-reactions and
the IgE-inhibition test excluded true double
sensitisations. In cases that are not due to
multiple sensitizations, and where a primary
venom can be identified, primary-venom
therapy should also protect the patient from
exposure to cross-reactive venoms (3-7). Thus,
in this study, 31 of the 45 subjects received
immunotherapy with only one venom (7).
An alternative method to distinguish between
true multiple sensitisation, notably double
positivity, due to cross-reactivity between
honeybee and Vespula venom, is by measur-
ing the serum specific IgE to the species-spe-
cific, recombinant, non glycosylated major
allergens Apim 1 and Ves v 5, as it was per-
formed in a study (8). As double positivity of
IgE to bee and Vespula venom is often caused
by cross-reactions, especially to CCDs, the
presence of serum IgE to both Api m 1 and
Ves v 5 indicates true double sensitisation
and immunotherapy with both venoms is re-
quired. With this method it was possible to re-
duce double positivity in 200 venom allergic
patients - and thus the need to treat with
both venoms - from over 50% to 17% (8).
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Clinical cases - multiple

positive skin tests

Here we present two cases of multiple posi-
tive skin tests in which the choice of the
venom was made with the help of IgE-inhibi-
tion. In both cases the patient had a severe
reaction to the sting of an unidentified insect
and skin tests and serum specific IgE were
positive for both Vespula and Polistes domin-
ulus venom.

Case 1: In this case (Table 1), Polistes
dominulus venom completely adsorbed spe-
cific IgE against venom of Vespula spp., indi-
cating Polistes dominulus as the primary
venom. The patient was treated with the pri-
mary venom only.

Case 2: In this case (Table 2), reciprocal in-
hibition between Vespula spp. and Polistes
dominulus venom was only partial, indicating
that the patient has sIgE for both venoms.
The patient required treatment with both
venoms.

The use of a sIgE-inhibition test increases the
number of tests that must be performed, in-
creasing the cost of the diagnosis. However,
it avoids the cost of performing im-
munotherapy with two venoms.



Presentation of some difficult cases in diagnosis

Table 1: Case no.1, IgE-inhibition between Vespula spp. and Polistes dominulus

Inhibiting Vespula IgE Polistes IgE Vespula IgE Polistes IgE
venom inhibited by inhibited by inhibited by inhibited by
(ug/ml) Vespula Polistes Polistes Vespula

(% of inhibition) (% of inhibition) (% of inhibition) (% of inhibition)
(0] (0] (0] 0 (0]
0,3 31 11 2 5
3 89 45 20 11
30 93 95 97 18
300 26 96 28 31

Result: Vespula IgE is completely adsorbed by Polistes venom (the “primary venom”).

Treatment with only Polistes venom is indicated.

Table 2: Case no.2, IgE-inhibition between Vespula spp. and Polistes dominulus

Inhibiting Vespula IgE Polistes IgE Vespula IgE Polistes IgE
venom inhibited by inhibited by inhibited by inhibited by
(ng/ml) Vespula Polistes Polistes Vespula

(% of inhibition) (% of inhibition) (% of inhibition) (% of inhibition)
(0] (0] 0] 0 (0]
0,3 28 15 5 8
3 87 51 18 15
30 94 88 30 18
300 o7 94 40 30

Result: there is some cross-reactivity between the two venoms, but neither is able
to completely adsorb the specific IgE against the other venom.

Treatment with both venoms is indicated.

Large local reactions

A large local reaction (LLR) is a swelling at
the site of a sting that exceeds 10 cm in diam-
eter and is accompanied with erythema and
itching. LLRs can affect an entire extremity
and frequently last for 3-5 days, sometimes
for several weeks. Usually, LLRs are treated
with oral corticosteroids. LLRs are more
common than systemic reactions and occur
in 5-26% of the population compared with
0.3-8.9% who experience systemic reac-
tions. Among 730 cases of LLR studied,
venom sensitisation was documented by di-

agnostic tests in 83% (9). In subjects who
experience a LLR, the risk of a systemic re-
action to a subsequent sting is about 5-109%,
whereas in subjects who have no reaction to
a sting, but who show a positive skin test, the
risk of a subsequent systemic reaction is
17% (10). Although diagnostic tests are in-
dicated in all patients with a history of a sys-
temic reaction, the current clinical guidelines
do not recommend them in subjects with a
history of LLR, and VIT is not recommended
for patients with LLR because of the low risk
of a subsequent systemic reaction (2).
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Nevertheless, many patients fear a systemic
reaction to a subsequent sting and practi-
tioners are frequently asked by patients to
perform a skin test following a LLR. The ques-
tion then arises of what to do if the test is
positive. Some practitioners give patients in-
jectable epinephrine to reduce the patient’s
fear of a systemic reaction to a sting. On the
other hand LLRs may on their own cause sig-
nificant morbidity. In some cases swelling of
an extremity can last for more than a week
and in frequently exposed subjects, such as
gardeners and beekeepers, this can severely
affect the patient’s ability to work and quality
of life. A sting challenge in 41 patients with
previous LLR and positive skin tests, resulted
in a LLR of 16 cm or larger in 34 patients
(839%) (11). In the same publication it was
shown in a placebo-controlled trial that VIT
decreased the size and duration of LLR by
42% and 53% respectively after 7-11
weeks of treatment. Results were similar
after one year and improved to 60% and
70%, respectively after two and four years
and patient satisfaction with treatment was
over 90% (11). Thus, SLIT may be a promis-
ing treatment of insect venom hypersensitiv-
ity in patients with LLR.
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UP-DOSING OF VENOM IMMUNOTHERAPY:
WHICH SCHEDULE IS BEST?
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Introduction

Many treatment protocols have been de-
signed for the induction phase of venom im-
munotherapy (VIT) (1). These vary with
respect to the number of injections, venom
doses, and time needed to reach the final
dose (Table 1). A conventional regimen in-
volves increasing doses in weekly intervals
for outpatients, in rush regimen the induction
phase lasts 4-7 days for inpatients, in the ul-
trarush protocol the maintenance dose is
reached within 1-2 days or in a few hours,
and the cluster regimen is a modified rush
approach schedule which involves giving sev-
eral injections at 15 to 30 minute intervals
during the first visit and reaches a mainte-
nance dose in about six weeks. Rush and ul-
trarush protocols are particularly useful in
highly exposed subjects (e.g. beekeepers) or
in patients who are referred to the specialist
just prior to the start of the insect season. In
addition, the cost of administering ultrarush
VIT is lower than that of the slower protocols.
These fast protocols are currently used in
most but not all European countries (2).

Starting and maintenance doses

The starting dose of VIT is between 0.001
and O.1 ug (Table 1). However, in a recent
paper the authors demonstrated that initiat-
ing VIT at the 1 pg dose can be applied safely
in rush protocols, both in adults and in chil-
dren (3). They performed a rush protocol in

62 inpatients, and a modified rush protocol
in 670 outpatients, both showed no systemic
reaction (SR) when starting with 1 pg of
venom (3).

The recommended maintenance dose is 100
pg of venom protein, corresponding to one to
two bee stings and to many more Vespula
stings and affords better protection than a
50 pg dose (1). Higher maintenance doses
(200 ug or more) are recommended for bee-
keepers, who may be stung by several insects
at the same time and in treatment failures or
incomplete treatment success. If two or more
venoms are required, they should be admin-
istered in separate protocols a few days
apart. The general consensus is that the
maintenance interval should be kept at four
weeks for the first year, extended to six
weeks in the second year, and then to eight
weeks if VIT is continued over five years, pro-
vided that the treatment is tolerated (1). A
longer interval is not recommended for hon-
eybee allergic patients since beekeepers with
less than 10 stings a year are those who de-
veloped SRs most frequently. Moreover,
studies assessing the possibility of extend-
ing the maintenance interval up to 12 weeks
included a small a sample of patients, mainly
with vespid allergy, efficacy was evaluated
mainly by in-field stings (1).

Recently, two studies evaluated the safety
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and efficacy of a further prolonged interval
between injections of 6 months, with con-
flicting results that are mainly related to a
different selection of patients (4, 5). Hope-
fully within the next few years multicentre
clinical trials will yield results allowing us to

select patients in which the interval between
injections can be extended without risk. While
the dose-up phase of VIT should be per-
formed by an allergist, in some countries
maintenance treatment is continued by gen-
eral practitioners.

Table 1. Some examples of treatment protocols for VIT (original)

DAY HOUR CONVENTIONAL*  CLUSTER* RUSH* ULTRARUSH*
1 (0] 0.01 0.001 0.01 0.1
0.5 0.1 0.01 0.1 1
1 0.1 1 10
1.5 20
5 2 30
40
2 o 4
1 8
10
20
3 o 40
1 60
2 80
4 o 100
8 o 1 1 100
1 2 5
10
15 0 4 20 100 50
1 8 30 50
22 o 10 50 100
1 20 50
29 40 100 100
36 60 100
43 80 100 100
50 100
57 100
64 100
71 100 100 100
85 100
92 100
99 100 100
106 100

* Dose in ug venom

Further injections of the maintenance dose of 100 pg every four weeks during the first year, every six
weeks in the second year, and then every eight weeks if VIT is continued over five years (1).
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Treatment protocol and safety

There is no indication that the type of dose
increase (conventional or rush) can influence
the efficacy of VIT. The challenge, however,
with faster protocols is to preserve or im-
prove safety, since a greater risk of SRs has
been demonstrated during the incremental
phase of VIT (6).

A review of the published literature on safety
of rush and ultrarush VIT studies from 1978
to 2001, gave controversial results (7). The
frequency of SRs ranged from 0% to 67.3%,
with an average of 17.8% (7). These dis-
crepancies may be due to several factors: the
use of different classification systems for the
severity of adverse reactions, different study
populations, the use of different extracts and
preparations (aqueous vs. depot), the pres-
ence or absence of co-morbidities in some
populations, and pre-medication with anti-
histamine in some patients. Moreover, rare
comparative studies are available. An ultra-
rush VIT protocol over 3.5 hours resulted in
fewer SRs compared to 6-hour and 4-day
protocols, which involved higher cumulative
daily doses (8). What does emerge from
these studies is that, as for the conventional
protocol, rush regimens have caused more
SRs in bee venom allergic patients than in
vespid allergic patients. Sturm et al. (7) re-
ported their 8-year experience with a four-
day rush protocol in predominantly high-risk
patients. The number of SRs was higher in
patients treated with bee venom extract
(129%) compared with those receiving yellow
jacket venom extract (2%), and was consid-
erably lower than the average of 17.8% re-
ported in the literature.

Since 2002, several other retrospective
studies concluded that treatment with rush
and ultrarush protocols are tolerated at least
as well as or even better than treatment with
slower protocols (9). Again, there seems to
be a difference between honeybee or vespid
venoms with respect to the tolerability of the
different protocols. In a study on 1055 sub-
jects treated with VIT, patients who under-
went VIT with vespid venom, but not those
treated with honeybee venom, had signifi-

cantly fewer SRs when the dose was in-
creased within 2 days (SRs in 15%) com-
pared with 4 (20%) or 7 (30%) days (10).
Using an ultrarush protocol of 3.5 hours,
Birnbaum reported that 13% of 258 pa-
tients treated with honeybee or vespid ven-
oms developed a SR (1 1), whereas Reimer
reported that 26% of 57 honeybee allergic
patients developed an SR (12). Also, in the
recent study by Roumana and colleagues,
using rush and ultrarush protocols, the great
majority of SRs were caused by bee venom
injections, at doses greater than 50 pg (3).

Side effects during VIT are probably more
frequent in mastocytosis patients, especially
in those with a yellow jacket venom allergy
(13). At the moment there are very few data
on rush and ultrarush protocols in these pa-
tients, in which a conventional built-up phase
is in general favourite.

Rush and ultrarush protocols have typically
been used instead of conventional VIT and
not in patients who have experienced ad-
verse reactions during conventional VIT. In
case reports, rush and ultrarush protocols
seem to be applicable and also tolerated in
patients with a history of systemic reaction
during conventional VIT; one patient toler-
ated ultrarush VIT with mixed vespid and
wasp venom together with premedication
reaching a total dose of 400 pg of venoms
(14). Further studies are required to confirm
this finding.

Conclusions

Many studies demonstrate that rush proto-
cols are as safe as slower ones and confirm
that treatment with faster protocols (ultra-
rush) are tolerated at least as well as or even
better than treatments with slower rush pro-
tocols. However, these studies are mainly
retrospective. Controlled prospective studies
must be carried out to evaluate if the type of
dose increase can influence the safety of VIT.
There is evidence from these studies that
there may be a difference between honeybee
or vespid venoms with respect to the tolera-
bility of the different protocols. At present,
rush and ultrarush protocols should be used
only by specialists with a great experience in
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managing VIT, under emergency conditions,
especially in bee venom allergic patients.
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DISPLAY OF WASP VENOM ALLERGENS ON THE CELL
SURFACE OF YEAST
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Yeast surface display is a technique whereby
proteins of interest are expressed in yeast as
fusions with cell surface proteins and remain
attached to the cell wall after expression (1,
2). The aim of this study was to investigate
whether allergens preserve their native aller-
genic properties when expressed as fusion
proteins on the surface of baker’s yeast (Sac-
charomyces cerevisiae). We expressed the
major allergens: phospholipase A1 (PLA1),
hyaluronidase (HYA), and antigen 5 (Ves v 5),
from the venom of the common wasp,

Vespula vulgaris, as fusions with a-agglutinin
complex protein AGAZ2. In order to express
PLA1 (Vesv 1) and HYA (Ves v 2a), the sur-
face display expression vector was modified
to include an antibiotic resistance cassette
that enabled a constant selective pressure to
be applied to the cell population (Fig. 1). Cells
were then examined for allergen expression
by screening for enzymatic activity, in the
case of PLA1 and HYA, binding of human IgE,
and for the ability to release histamine from
basophils.

GPI signal lyeast genome

YFG plasmid

Fig. 1. The principle of surface display using a-agglutinin system.

The allergen of interest (YFG - your favourite gene) is cloned in-frame with AGA2 and introduced into a
yeast strain that can over-express AGA 1. The resulting proteins Agal and Aga2-allergen fusion are con-
nected by disulfide bonds during the secretion process and exported together on the surface of the cell
where Aga1 remains attached to the cell wall by the glycosylphosphatidylinositol (GPI) anchor.
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All of the allergens were expressed on the
surface of yeast cells. PLA1 and HYA both re-
tained their enzymatic activity and the ex-
pression of PLA1 severely inhibited cell
growth. Expression of HYA and antigen 5 was
confirmed by fluorescent cytometry (FACS)
of cells labelled with FITC-conjugated anti-C-
myc antibody; the level of PLA1 expression,
however, was too low to be detected by
FACS. Yeast cells expressing HYA, bound IgE
antibodies from the serum of venom-hyper-
sensitive and control patients, whereas anti-
gen 5 expressing cells bound IgE antibodies
from the sera of venom-hypersensitive pa-
tients only. Double staining with an anti-C-
myc antibody (FITC) and human IgEs, showed
that expression of the full-length allergen
correlated with IgE binding.

We used FACS, histamine release tests, and
immunoblotting to investigate possible vari-
ations in the binding of antigen 5 expressed
on the surface of yeast cells with sera from
different venom-hypersensitive patients. The
serum from one of five venom-hypersensitive
patients did not react with Ves v 5 and the
other four bound to different extents. Varia-
tions in antigen 5 binding to the different
sera were confirmed by immunoblotting
using recombinant antigen 5.

All the allergen-expressing cells caused his-
tamine release from peripheral whole blood
basophils charged with IgEs from hypersen-
sitive serum (Fig. 2). PLA1-expressing cells
caused the greatest release of histamine and

70% -
60% -
50% -
40% - I
30% -
20% -

HR, % of total

10% -
0% I T I

also caused some response from basophils
charged with IgEs from control sera. HYA-ex-
pressing cells were the least effective in
causing histamine release.

In conclusion, the allergens expressed on the
surface of yeast retained their IgE binding ca-
pabilities, enzymatic activity, and caused his-
tamine release from basophils. Moreover,
allergen-presenting yeast cells can be produced
in large amounts at a low cost. These properties
make yeast surface display a useful tool for
allergen discovery in cDNA libraries (3) and a
promising system for allergen presentation
for sublingual specific immunotherapy.

Disclosure
The authors state no conflicts of interest.

References

1. Kondo A, Ueda M. Yeast cell-surface dis-
play - applications of molecular display.
Appl Microbiol Biotechnol 2004;64:28-40.

2. Chao G., Lau W.L., Hackel B.J., Sazinsky
S.L., Lippow S.M., and Wittrup K.D. Isolat-
ing and engineering human antibodies
using yeast surface display. Nature Pro-
tocols 2006;1:755-768.

3. Wadle A, Mischo A, Imig J, Wiillner B,
Hensel D, Watzig K et al. Serological
identification of breast cancer-related
antigens from a Saccharomyces cere-
visiae surface display library. Int J Can-
cer 2005;117:104-113.

e

-10% - hon-expres

-20% -
negative serum

refprL vesvl

vesv2a vesvs venom

M positive serum

Fig. 2. Histamine release by allergen-expressing yeast cells.

Allergen-expressing cells (Ves v 1/PLA1; Ves v 2a/HYA; Ves v 5/antigen 5) had differing abilities to release
histamine from peripheral whole blood basophils charged with hypersensitive and control serum IgEs
(www.reflab.dk). Whole Vespula vulgaris venom was used as a positive control. Negative controls were ei-
ther non expressing yeast cells (“non-expres”) or yeast cells expressing a non-specific protein (“ref prot”).
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Subcutaneous immunotherapy is presently
the only effective treatment of Hymenoptera
venom allergy. In the treatment of respiratory
allergy, sublingual immunotherapy (SLIT) has
been accepted worldwide as an effective and
a safe alternative to subcutaneous allergen
administration. The aim of this pilot study
was to assess the tolerability, safety and effi-
cacy of SLIT in patients with a systemic al-
lergic reaction to Hymenoptera venom.

Eight patients (7 male and 1 female, age
37.6 * 21.5 years [mean * SD]) with Hy-
menoptera venom allergy (7 allergic to wasp
venom and 1 to bee venom) were treated
with an ultrarush SLIT using Hymenoptera
venom. During 3 hours, patients received in-
creasing doses of Vespula or bee venom
(Aquagen®, ALK) up to a final dose of 30
drops (1 mL) of extract, containing a total of
100,000 SQ-U. Then patients received a
maintenance dose of 10 drops of pure
venom extract three times a week, corre-
sponding to a total weekly dose of 100,000
SQ-U. Specific IgE (sIgE) and 1gG4 were
measured at 6, 12, 24 and 36 months.

All 8 patients were field stung during the
maintenance phase, a mean of 12.7 £ 11.2
months after starting SLIT, and all had a
lower symptom score compared with pre-
treatment stings. Five patients experienced

only mild local reactions, 1 had throat con-
striction that did not need any treatment, 1
had eyelid angioedema that required treat-
ment with bethametasone p.o. and 1 had no
symptoms. All patients had experienced a
Grade Il or Il (according to Miiller) reaction
before starting treatment. However, despite
these encouraging clinical findings, we ob-

Dilution Dose
1:10,000 1 drop
1:1,000 1 drop
1:100 1 drop
1:10 1 drop
Pure 1 drop
Pure 2 drops
Pure 4 drops
Pure 6 drops
Pure 7 drops
Pure 10 drops

Fig. 1. SIT ultrarush protocol adapted from (1).
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served no significant modification of slgE and
1gG4 (Fig. 2).
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Fig. 2. Mean levels of specific IgE and 1gG4 were
not significantly modified during SLIT.

In conclusion, these results, despite being
from a small number of subjects, indicate
that SLIT may be a safe and effective ap-
proach to treat Hymenoptera venom allergy.
However, several points should be taken into
account in future studies: larger groups of
patients are needed in order to assess the ef-
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ficacy of SLIT; the optimal maintenance dose
must be clearly defined, and should take into
consideration cost as well as the risk/benefit
ratio for the patient; and because of the vari-
ability between field stings, patient reaction
should be tested using a controlled sting
challenge. Future studies using an ultrarush
SLIT protocol should also include a control
group of patients treated with conventional
SLIT to compare the effectiveness of both
protocols in SLIT.
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Successful treatment of insect venom allergy
requires the use of diagnostic tools that are
capable of identifying the culprit insect and a
therapeutic approach that is well adapted to
the severity of the allergy. The aim of this
study was to compare the approaches to di-
agnosis and treatment of Hymenoptera
venom allergy in Poland and the United King-
dom. A questionnaire, adapted from the pub-
lished study by Diwakar and collegues (1),
containing 20 multiple choice and four short-
answer questions on current procedures was
sent to centres performing venom im-
munotherapy (VIT) in the UK and Poland.
Centres in the UK were selected from the list-
ing on the British Society for Allergy and Clin-
ical Immunology (BSACI) website. The list of
centres in Poland, which were academic (14),
hospital (8) and non-public (4), respectively,

Poland

31,0%

69,0%

55,0%

was available on Polish Allergology Society
website.

In Poland, 69% of centres used both specific
IgE (slgE) and skin prick tests to diagnose in-
sect venom allergy, whereas in the UK, 55%
of centres used sIgE tests alone (Fig. 1). In-
tradermal testing was carried out by 88% of
centres in Poland compared with only 50%
in the UK (2-4). In Poland, the insect venom
extracts Venomenhal® (HALAllergy) and
Pharmalgen® (ALK) were used for diagnostic
purposes by 60% and 20% of centres re-
spectively, and 16% of centres used both.
The HALAllergy extract was used for treat-
ment in 42% of Polish centres and the ALK
product in 19%. In the UK, the ALK Abelld
product was used by 95% for diagnosis and
in 97% for treatment.

United Kingdom

45,0%

W SPT mRAST = SPT & RAST

Fig. 1. slgE testing was used as the only means of diagnostic testing by 55% of UK centres. Both sIgE and
skin prick tests were used in first line of diagnostic procedures in 69% of centres in Poland.
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In patients where the insect that caused the
reaction cannot be identified and who have
sIgE to both bee and wasp venom, treatment
is started with the venom having the higher
IgE level in the majority of UK centres, and in
one third of centres in Poland. In the case of
systemic reactions, baseline tryptase levels
were measured in 39% of centres in Poland
versus 53% in the UK (5). For initial treat-
ment, a conventional protocol was preferred
by 92% of UK centres; whereas in Poland
77% of centres preferred accelerated protocols
(Fig. 2). Premedication with antihistamines
was given to all the patients in 70% of Polish
centres, while in the UK 60% of centres gave
antihistamines although these were mainly
confined to local troublesome reactions (6).
The maximum interval most frequently used
during the maintenance phase was 6 weeks
in Poland and eight weeks in the UK and the
target maintenance dose most frequently
used in the two countries was 100 pg/ml.
The majority of treatment centres in Poland
considered five years to be the optimal treat-
ment duration, while in the UK, three years
was preferred (2-4). After completion of VIT,
sting challenge testing, measurement of siIgE,
and measurement of specific 1gG4 (slgG4)
were performed by 46%, 46 % and 8% of
Polish centres, respectively. In the UK, 11%
of centres performed sting challenge testing,
47% measured slIgE, and none measured slgG4.

To conclude, some differences in adherence
to international guidelines for the diagnosis

and treatment of Hymenoptera venom al-
lergy exist between Poland and UK. Some of
these might be a result of different organisa-
tion of health service in the country. A more
thorough analysis is in preparation.
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Fig. 2. A conventional protocol was used in 92% of UK centres, whereas 58% of Polish centres used ul-
trarush, and 19 9% used rush. In Poland some centres practised more than one protocol.
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Myocardial infarction and arrhythmia have
been described following bee, wasp or hor-
net stings. During a systemic allergic reac-
tion, mast cells in heart tissue release
cytokines and vasoactive pro-inflammatory
mediators that contribute to systemic ana-
phylaxis. Release of histamine induces va-
sodilatation and increases vascular
permeability causing hypotension, however
subsequent release of vasoconstrictor com-
pounds can lead to coronary vasospasm, pro-
gressing to myocardial ischemia, heart failure
and ventricular fibrillation (1). The occur-
rence of acute coronary syndromes accom-
panying allergic reactions is defined as
Kounis syndrome or allergic angina/myocar-
dial infarction (2, 3). Kounis syndrome is
classified in two types: Type | occurs in pa-
tients with normal coronary vessels, while
type Il occurs in patients with concomitant
atheromatic lesions. Both types are associ-
ated with coronary vasospasm. Only a few
cases of Kounis syndrome have been de-
scribed following Hymenoptera sting (4-6),
however, there have been sporadic reports of
myocardial ischemia, sometimes without
other signs of anaphylaxis, after a Hy-
menoptera sting (7-10).

Here we describe a case of acute myocardial
ischemia as a symptom of Hymenoptera
venom anaphylaxis. A 41 year-old man
fainted suddenly and was taken to an Emer-
gency Care Unit where an electrocardiogram

revealed acute anterior-lateral myocardial in-
farction, worsened by repeated episodes of
ventricular fibrillation. Blood laboratory find-
ings showed increased cardiac troponin-I
(12.63 ng/mL; normal level <1 ng/mL), cre-
atin kinase isozymes MB to 58.40 ng/mL;
normally <6 ng/mL) and aspartate transam-
inase to 219 U/L; normally <45 U/L). When
conscious, the patient remembered receiving
a Hymenoptera sting just before fainting. The
patient had normal cardiac function and coro-
nary arteries and was discharged with diag-
nosis of “acute myocardial infarction by
coronary arterial vasospasm as result of se-
vere anaphylaxis” and referred to the Aller-
gology Unit of the hospital. The patient had a
history of a sting by an unidentified Hy-
menoptera ten years previously that was fol-
lowed by intense dizziness. The patient’s
specific IgE were positive for Vespula spp.
(24.50 kU/L), Polistes (1.15 kU/L), and Apis
mellifera (0.22 kU/L), and negative for Vespa
crabro venom. The patient was started on
specific immunotherapy for Vespula spp.
venom. Kounis syndrome is rare, this is the
only case of cardiac ischemia as unique
symptom of anaphylaxis we have encoun-
tered in a population of around 4,000 pa-
tients with Hymenoptera venom allergy.

This case suggests that when cardiac is-
chemia of unknown aetiology occurs, hy-
menoptera sting should be considered as a
possible cause and an electrocardiogram is
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recommended after Hymenoptera allergic re-
action, as myocardial infarction may be
asymptomatic (4).

Disclosure
The authors state no conflicts of interest.

References

1. Perskvist N, Soderberg C, van Hage M,
Edston E. Pathogenic role of cardiac mast
cell activation/degranulation, TNF-alpha,
and cell death in acute drug-related fa-
talities. Vasc Health Risk Manag
2007;3:1053-62.

2. Kounis NG, Zavras GM. Histamine-in-
duced coronary artery spasm: the con-
cept of allergic angina. Br J Clin Pract
1991;45:121-128.

3. Sinkiewicz W, Sobanski P, Bartuzi Z. Al-
lergic myocardial infarction. Cardiol J
2008;15:220-225.

4. Lombardi A, Vandelli R, Ceré E, Di
Pasquale G. Silent acute myocardial in-
farction following a wasp sting. Ital Heart
J 2003;4:638-641.

5. Hamilos MI, Kochiadakis GE, Skalidis El,
Igoumenidis NE, Zaharaki A, Vardas PE.

114

Acute myocardial infarction in a patient
with normal coronary arteries after an al-
lergic reaction. Hellenic J Cardiol
2005;46:79-82.

. Quercia O, Emiliani F, Foschi FG, Stefanini

GF. Ventricular fibrillation after a hy-
menoptera sting. Int J Cardiol
2008;127:e5-7.

. Calveri G, Bertelli Y, Caico SI, Ermolli NC,

Torretta M, Lattanzio M, Salerno-Uriarte
JA. Acute myocardial infarction after
wasp sting. Ital Heart J Suppl
2002;3:555-557.

. Bongo AS, Fornaro G, Sansa M, Maccio S,

Rognoni A. Acute myocardial infarction
after wasp sting without anaphylactic reac-
tion. Ital Heart J Suppl 2005;6:178-182.

. Korantzopoulos P, Kountouris E, Vouke-

latou M, Charaktsis I, Dimitroula V, Sio-
gas K. Acute myocardial infarction after a
European hornet sting - a case report.
Angiology 2006;57:383-386.

. Cvetkovi¢-Mati¢ D, Asanin M, Matié D,

Ivanovic B, Simi¢ D, Kalezi¢ N, Stojanov
Acute myocardial infarction following a
hornet sting. V Vojnosanit Pregl
2009;66:333-337.



XYLOCOPA VIOLACEA:
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Xylocopa violacea, commonly known as the
carpenter bee, is a solitary bee that is wide-
spread in southern Europe (1). Xylocopa vio-
lacea measures up to 25 mm in length, is
usually not aggressive and rarely stings. The
medical literature does not contain any re-
ports of anaphylaxis caused by an allergic re-
action to a Xylocopa violacea sting and there
is no information available on the allergenic
components of Xylocopa violacea venom.
Here we present two cases of anaphylaxis
caused by Xylocopa violacea stings and iden-
tify the IgE-reactive allergens in Xylocopa vi-
olacea venom by immunoblotting after
protein gel electrophoresis (SDS-PAGE).

Two patients experienced systemic anaphy-
laxis after Xylocopa violacea stings. Both pa-
tients were also stung by yellow jackets
before and after anaphylaxis, without any re-
action. We performed tests for venom spe-
cific serum IgE antibodies, venom skin prick
test and intradermal tests (2, 3) with yellow
jacket (YJ), paper wasp (W), European hor-
net (EH), honeybee (HB) and Polistes domin-
ulus venoms. Five patients with negative
allergic history were used as negative con-
trols. Xylocopa violacea (Xy) extract was ob-
tained from Anallergo (Florence, Italy). We
performed SDS-PAGE and immunoblotting
on all the above-mentioned venoms using a

previously described methodology (4). The
gel was blotted on a nitrocellulose mem-
brane, before being cut into strips and
matched with the sera of the two Xylocopa
violacea allergic patients. After incubation
with anti-IgE antibodies, the allergenic bands
were detected by chemiluminescence.

In the two allergic patients, skin tests and
serum specific IgE detection were positive
only for yellow jacket extract. In one patient,
there was light binding of IgE to the HB im-
munoblot, whereas in both allergic patients
the Xylocopa violacea extract had IgE reac-
tive bands at 25.2 kDa, 19.1 kDa and 6.5
kDa (Fig. 1). No binding was seen in control
sera. The band at 19.1 kDa seemed to be
specific for Xylocopa violaceavenom. A 25.2
kDa allergen was also recognised in EH and
YJ venoms, thus indicating a potential for
possible cross-reactivity between Xylocopa
and Vespid venoms. Any potential cross-re-
activity, however, did not result in anaphy-
laxis as both patients were also stung by
yellow jacket without experiencing a sys-
temic reaction. IgE inhibition was not per-
formed as there was no venom remaining.
The 6.5 kDa band in HB and Xy venom could
correspond to mellitin, surprisingly, serum
specific IgE from allergic patients bound only
to the 6.5 kDa band from Xylocopa violacea
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Fig. 1. SDS-PAGE gel and immunoblots of serum from Xylocopa violacea allergic patients (patients A and
B) with venom from Xylocopa violacea (Xy), honeybee (HB), European hornet (EH), yellow jacket (YJ), and

paper wasp (W) venoms.

extract, suggesting that if this is mellitin a
difference in the allergen must exist between
different members of the Apidae family.

In both cases of Xylocopa violacea venom
anaphylaxis the responsible allergens seem
to be the proteins at 19.1 kDa and probably
at 6.5 kDa. Because of the rarity of this in-
sect we encountered problems collecting
venom for further studies. Planned further
studies will include a cross-inhibition study
and sequencing of the allergenic proteins.
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HYMENOPTERA VENOM IMMUNOTHERAPY WITH MODIFIED
RUSH PROTOCOL: EFFICACY AND SAFETY IN 114 CASES
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M. Carmela Montera', Corrado Astarita?

Allergy Clinic P.O. Mercato S. Severino, Salerno, Italy and 2Second University of Napoli,
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The effectiveness of VIT in preventing ana-
phylaxis in Hymenoptera venom allergy has
been documented by many prospective con-
trolled studies, however, the safety and tol-
erability of VIT can differ between bee and
wasp venom allergic patients. To investigate
if a modified rush protocol could reduce the

Table 1. Modified rush protocol

incidence of adverse reactions during VIT, we
changed the rush protocol suggested by PP.
EAACI in 1993 (1,2). The modified protocol
was tested on 114 patients (29 females and
85 males; mean age 44.3 years) and was
adapted for adults and children (Table 1).
Fifty patients (43.8%) had a history of Grade

Adults Children
Day minutes Injected minutes Injected
dose (ug) dose (ug)
1 (0] 0.01 (0] 0.01
45 0.1 45 0.1
20 1 20 1
135 2 135 2
2 (0] 3 (0] 3
45 6 45 5
20 12 20 10
135 20 135 15
3 (0] 40 (0] 30
45 60 45 50
4 - 100 - 80
11 - 100 - 85
25 - - - 90
46 - - - 25
72 : - - 100
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Table 2. Numbers of patients experiencing adverse reactions during VIT with the modified rush protocol:
48. LR (local reaction): 38, LLR (large local reaction): 8, SR (systemic reaction; Miiller severity scale): 2.

Reaction A. mellifera V. crabro Polistes spp. Vespula spp.
LR 3 15 3 17

LLR 1 4 (0] 3

SR (0] 1 (0] (0]

SR (0] (0] (0] (0]

SR 1II 1 0 (0] 0

SR IV (0] (0] (0] (0]

Il systemic reactions and 64 patients Disclosure

(56.1%) had a history of Grade IV reactions.
Skin prick tests and serum specific IgE anti-
bodies indicated Hymenoptera venom sensi-
tivity. Patients were treated with the same
venom that had previously caused a systemic
reaction; 19 patients were treated with Apis
mellifera venom, 15 with Polistes spp.
venom, 32 with Vespa crabro venom and 48
with Vespula spp. venom. Patients were con-
tinually monitored for adverse reactions
throughout treatment.

A total of 7068 injections (1254 during in-
duction phase and 5814 during maintenance
phase) were performed during the study.
Local reactions occurred in 38 patients
(33.3%) and large local reactions in 8 pa-
tients (7.19%). Local reactions were induced
by allergen doses between 20 and 60 pg.
Two patients (1.6%) experienced systemic
reactions (Grade | and Ill) during treatment.
Thirty-nine patients (34.2%) who were stung
during the treatment period suffered only
local reactions (Table 2).

In conclusion, the modified rush protocol
showed similar efficacy in preventing an ana-
phylactic reaction to Hymenoptera venom as
those described in other studies, but with a
lower dose during induction phase. Systemic
adverse reactions occurred in 1.6% of the
patients during dose-increase phase and
they were absent during five years of main-
tenance phase. In some other studies using
rush protocol between 5.9 and 67% of the
patients had systemic reaction during induc-
tion phase (3-10).
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CONCLUSION
Present and future of venom allergy: conclusions

Floriano Bonifazi and M. Beatrice Bilo
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Allergic sting reactions are responsible for
significant morbidity and deterioration in
health-related quality of life. The latest epi-
demiological data confirm the importance of
insect-sting allergy as one of the causes of
anaphylaxis, which can be fatal (1). The com-
bination of several concomitant factors,
which include environmental, genetics, and
individual risk factors are responsible for the
occurrence of a systemic reaction (SR) in in-
dividual patients (2). Several well-known and
recently discovered risk factors may be as-
sociated with the severity of a SR to a re-
sting. The results of a multicentre
prospective study performed by the EAACI
Interest Group on Insect Venom Allergy ex-
amining the risk factors for severe SRs to in-
sect sting in a large patient population has
been recently published (3). Several risk fac-
tors were associated to severe SRs in un-
treated patients: an increase in baseline
tryptase concentration, vespid stings, higher
age, concomitant use of an angiotensin con-
verting enzyme inhibitor, and a precedent
less severe SR to a sting (3). Recently,
Bonadonna and colleagues published the
finding that 65% of patients with an elevated
serum basal tryptase level (>11.4 ng/mL)
and a history of sting SR have an underlying
clonal mast cell disorder that is either sys-
temic mastocytosis or monoclonal mast cell
activation syndrome (4). Recent practice pa-

rameters on the diagnosis and treatment
have been published by the European Acad-
emy of Allergology and Clinical Immunology
(5) and by the American Academy of Allergy,
Asthma and Immunology (6). However, the
first comprehensive audit performed in the
UK in order to evaluate adherence to inter-
national guidelines demonstrates a wide vari-
ation in practice of the diagnosis and
treatment by allergy practitioners (7).

Pitfalls and future

perspectives in venom allergy diagnosis
Some pitfalls for the unwary remain
when diagnosing venom allergy: firstly,
IgE-negative anaphylaxis and secondly,
multiple venom sensitisation with the history
of a single severe reaction to a sting. Table 1
shows some possible causes of IgE-negative
venom anaphylaxis (8-12). In rare cases of
IgE-negative anaphylaxis, additional in vitro
methods, such as the basophil activation
test, may be used to demonstrate immuno-
logical sensitisation (5). Further studies are
needed to confirm the utility of a modified
assay able to detect very low concentrations
of venom specific IgE (13) and the use of a
dialysed venom extract for skin testing (14).
All relevant venoms according to insect geo-
graphic distribution should be tested (12),
before concluding on alternative patho-
genetic mechanisms.
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Table 1. Possible causes of IgE-negative venom
anaphylaxis

* Poor sensitivity of diagnostic tests (8)
* Loss of sensitisation over time (9)

« Involvement of a different pathogenetic
mechanism (10)

« Mastocytosis/Urticaria pigmentosa (1 1)
« Lack of testing with causative insect (12)

The presence of multiple sensitisation with a
single history of a SR represents the other
side of the coin. In these cases, although the
specific IgE inhibition test is helpful in distin-
quishing between cross-reactivity and double
sensitisation, this is expensive, sometimes
difficult to interpret and is therefore not suit-
able for routine purposes. According to some
authors, the basophil activation test may be
useful in multiple sensitive patients, provided
that it is performed in validated laboratories
(15). However, the diagnosis of venom al-
lergy is currently performed with whole
venom preparations, which contain other
non-allergenic components in addition to al-
lergens. A recent study by Miiller suggested
that the in vitro use of recombinant non-gly-
cosylated major allergens could help in the
interpretation of these difficult to diagnose
patients (16). Recombinant venom allergens
will certainly improve the diagnosis of venom
allergy, also by clarifying cross-reactivity be-
tween venom allergens from different
species, genera or even families of hy-
menoptera, provided that all major allergens
specific to honeybee and Vespids become
available in recombinant form. In the near fu-
ture, the combination of molecular prepara-
tions and microtechnology for testing
(microarray) will probably enable the physi-
cian to identify a patient’s specific profile and
produce a patient-tailored immunotherapy.

Pitfalls and future

perspectives in venom immunotherapy
Venom immunotherapy (VIT) is highly effec-
tive treatment and is probably the most ef-
fective form of immunotherapy available to
physicians. Although the mechanism involved
is still not completely understood, the induc-
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tion of a tolerant state in peripheral T-cells
represents an essential step in allergen im-
munotherapy. Peripheral T-cell tolerance is
characterised mainly by the generation of al-
lergen-specific T-requlatory (Treg) cells and
the production of their suppressive IL-10 cy-
tokines and transforming growth factor-beta,
which mainly suppress Th2 and Th1 cells,
mast cells, basophils, eosinophils and requ-
late antibody isotypes in B cells (17). A rapid
expansion of IL-10-producing Treg cells (so
called Tr1 Treqg) has been extensively demon-
strated in bee venom immunotherapy.

However, some pitfalls remain in the man-
agement of allergic patients undergoing
venom immunotherapy. Indeed, both efficacy
and safety are not optimal, especially in im-
munotherapy with bee venom, where 10-
20% of those treated still develop some,
mostly mild, systemic allergic symptoms
when re-stung during immunotherapy, and
20-30% develop systemic allergic side ef-
fects, especially during the dose step-up
phase (18). Some current and future possi-
bilities of enhancing VIT safety and efficacy
are listed in Table 2. Pre-treatment with H1
antihistamines has been demonstrated to re-
duce the number and/or severity of large
local reactions (LLRs) and mild SRs like ur-
ticaria and angioedema. Antihistamine pre-
treatment during the dose-increase phase
may increase the long-term efficacy of VIT
due to enhancement of Treg cell actions by
activation of H2R-dependent events, al-
though the current data are inconclusive and
call for further investigation (19). Pre-treat-
ment with anti-lgE monoclonal antibodies
could permit more rapid and higher doses of
allergen immunotherapy and may enhance its
safety, even in patients suffering from sys-
temic mastocytosis (20). At present, com-

Table 2. How to increase VIT safety and efficacy?

« Anti-IgE mAb pretreament (> safety) (20)

 “Depot” and purified aqueous extracts
(> safety) (21,22)

* Modified allergens (?) (24)
« Intralymphatic route (?) (23)
« SLIT (?) (25)




pared to the therapy with an aqueous extract
(both purified and non-purified), VIT with a
depot extract is superior with respect to the
occurrence of large LLRs and SRs (2 1). Puri-
fied extracts seem to be safer than the non-
purified ones, especially concerning the
occurrence of LLRs (22). The therapeutic po-
tential of bee venom intralymphatic immuni-
sation has been analysed in sensitised mice
using an anaphylaxis model (23), and a
chimeric protein containing six pieces of the
three BV allergens PLA, hyaluronidase and
melittin that was able to reduce IgE binding
but still preserve T-cell stimulating activity
has also been studied in a mouse model (24).
Although sublingual venom immunotherapy
(SLIT) seems to reduce the diameter of LLR
to a bee sting challenge in 57% of active
treated patients (25), caution should be ex-
ercised when considering SLIT as a thera-
peutic option for venom allergic patients.
Patients with mast cell and cardiovascular
diseases, even if on pharmacotheraphy with
beta-blockers, may be treated with VIT, albeit
under strict supervision, including monitor-
ing of blood pressure and an electrocardio-
gram during the dose-increase phase.

In Europe, the EAACI document “Standards
for practical allergen-specific immunother-
apy” (26) underlines that serious immuno-
logical diseases, cancer, chronic infections
are absolute contraindications for im-
munotherapy in general as well as major car-
diovascular diseases, except in the event of
serious insect venom allergies. However, Eu-
ropean guidelines need to be further dis-
cussed and possibly revised for severe
allergic reactions due to Hymenoptera stings.
This is particularly important in relation to
patients with a high risk of sting exposure
and with a history of a near fatal sting reac-
tion where, in some cases, the advantages of
venom immunotherapy might outweigh the
potential risk.

Conclusions

For over 20 years now, new developments in
the diagnosis of insect venom allergies and
the administration of specific immunother-
apy, have dramatically improved the progno-
sis of venom allergy. However, there is a

Present and future of venom allergy: conclusions

considerable room for establishing more
knowledge of the natural history and possi-
ble risk factors of venom allergy, as well as
diagnosis, safety and efficacy of VIT.
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